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DEPENDABLE ANALYSES! Narrow band pass (only 
assures highest spectral purity. 


EASIEST USE! Dial instantly sets Certified- 
Precision diffraction grating desired wave- 
length; color filters fuss with. 


SPLIT-SECOND READINGS! Simply insert sample 
tube; instant-acting meter gives exact percent 
transmission, optical density. 


LOW PRICE, DOUBLE VALUE! Colorimeter plus 
spectro-photometer, range, 
precision jack-of-all-work. clinical cali- 
able slight tra cost. 


America’s only complete optical source... from glass to finished product 
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More and More 
Laboratories 
RELY ON THOMAS 


Rubber Tubings sold under the designation, Co. 
are made especially for laboratory use 
with our specifications and are superior tubings similar 
appearance generally offered. Strict adherence our specifica- 
tions has, for many years, enabled maintain uniformly high 
quality and notable aging properties. 

Our selection specially compounded carefully selected 
pure gum synthetic formulations, comprising 110 varieties and 
sizes, serves diversity laboratory uses under various conditions 
chemical environment, temperature, pressure, flection, ete. 


Offered 
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thin wall. 
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Hand wrapped, steam cured, low 
sulfur content; thick thin wall. 
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life. 
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Pressure, A.H.T. Co. Black, semi- 
pure gum. 

Gooch. Very elastic; made espe- 
cially for laboratory use. 

Translucent, am- 
ber pure gum, thin for blood 
diluting pipettes. 

Microchemical. Hand made, 
ible, fine bore. 


Microchemical, A.H.T. Co. Hand 
wrapped, black, heavy wall, very 
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Rubber). Low permeability. 
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resistant, light weight; for use 
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Tygon (Plastic) $22-1. Translu- 
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Tygon (Plastic) R3603. Trans- 
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22-1. 


Flexible Metallic. For gas connec- 
tions. 
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FOR PROTEIN BOUND 


The PBI determination the ONLY TEST 
which directly measures thyroid function 
measuring the ability produce circu- 
lating thyroxine. 


Combining specially designed equip- 
ment, purified reagents and simplified 


method, the Hycel System gives repro- 
ducible results +0.1 
Equipment includes reagents for over 


200 determinations and special equipment 


perform ten tests daily. Also in- 
cluded are Manuals describing method and 
interpretation. 


= The Hycel System is the result of exten- 


sive research and testing 
Hormone Chemistry Labo- 
ratory. They corrobo- 
users. 


No. 53845—Hycel PBI System........$340.00 


multiple set available containing sufficient rea- 
gents for over 600 tests, and additional equipment 
for performing more tests daily. Our catalog 
No. 53846, sells for $1050.00. 
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PROGRESS STEROID RESEARCH 


Corticosteroids, conjugated glu- 


curonides, have for the first time 


been recovered quantitatively from 


human Administering large 
oral doses “tetrahydro-E,” Bongiovanni and 
Eberlein! were able estimate the conjugated cor- 
ticosteroid the plasma their subjects and 
confirm its identity with “tetrahydro-E.” For hy- 
drolyzing the glucuronide conjugate, they used 
Ketodase, Warner-Chilcott’s brand beef liver 
because strong acid hydrolysis 
would have destroyed the steroid and proved in- 
efficient breaking the glycosidic bond. With 
Ketodase, however, there was full recovery the 
steroid. your research, you will find that Keto- 
dase gives you accurate and consistent recoveries 
time after time. you desire more information 


about steroid determinations, use the coupon below. 


SAVED FOR RESEARCH 


trace amounts thrombin.? series complex 


One the most striking phenomena 
protein chemistry the formation 
gel meshwork from solution 
fibrinogen, merely addition 


reactions precedes the appearance thrombin, 
for which single explanation yet generally 
accepted. Fibrinogen freeze- 
dried, purified bovine fibrinogen, 
search these complex clotting mechanisms. 
Because free troublesome citrates and pro- 
thrombin, much valuable time, formerly spent 
purification, now saved. ready for use 
simply adding distilled water. Write for additional 
information about Fibrinogen Warner-Chilcott. 


Where there clinical evidence 
water and electrolyte disturbance, 


the condition due low sodium 


excess hydration? Serum con- 
centration alone cannot give the correct answer. 
more accurate picture obtained when the 
value correlated with results from plasma vol- 


Enzymatic hydrolysis for conjugated steroids 
Fibrinogen explore clotting mechanisms 
Diagnosing electrolyte-water imbalances 
Fructose-free Inulin for clearance tests 


ume determinations. Evans Blue (T-1824) was 
used for plasma volume determinations Leevy 
and Donovan? who feel the plasma volume well 
the concentration must known for op- 
timum diagnosis and therapy patients with 
suspected alterations circulating Na. For your 
blood volume determinations, you will find Evans 
Blue Warner-Chilcott quantitative solution, easy 
use because can administered without cali- 
brating syringes special weighing. Check the 
coupon for information about recent simplification 
this method. 


fractions 
one alkali-stable and another alkali- 
labile. the National Institutes 
Health, Walser using Inulin 
Warner-Chilcott, found the renal clearance 


Inulin consists two 


10% 
that fraction inulin which not destroyed 


hot alkali the same the renal clearance 
the fraction which destroyed. Thus, Inulin 
Warner-Chilcott assures you accurate re- 
sults whether not you employ alkali treatment 
your laboratory. contains less than 0.5% free 
fructose and is, course, sterile and pyrogen-free. 


1. Proc. Soc. Exper. Biol. & Med. 89:281 (June) 1955. 
2. Lorand, L.: Physiol. Rev. 34:742, 1954. 3. J.A.M.A. 
159:771 (Oct. 22) 1955. 4. J. Clin. Investigation 34: 1520 
(Oct.) 1955. 
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New accessories give the Interna- 
Refrigerated Centrifuge these 
increased speeds and capacities: 


Centrifuges 


400 ml. 10,000 rpm. lower 
lower 


O°C. lower 
lower 


4000 ml. rpm. 
1500 ml. 3,900 rpm. 


and horizontal style heads and wide variety 
adapters, sealed accessories and carriers. 
versatile. 


other cold centrifuge 


PR-2, these new accessories will fit. 


the improved Model SR-3 Stationary 
Centrifuge will now swing 520 
ml. the horizontal position 3,000 rpm. 


the Refrigerated Cen- 


FOR real versatility 
INTERNATIONAL. 


trifuge field look 


INTERNATIONAL EQUIPMENT COMPANY 


1284 SOLD 
IERS FIELD ROAD, BOSTON 35, MASSACHUSETTS, U 
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100% effective repeated use 
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Prevent cleansing-related variables, save 
time with Haemo-Sol; strips tubes and 
vessels proteins, oils, fats and all other 
soils, leaves laboratory glassware not merely 
C-P but absolutely clean. Haemo-Sol com- 
pletely rinsable, completely soluble, has low 
surface tension and controlled pH. Because 
leaves residue, especially valu- 
able the most exacting titrations and 
tests. Cleanse with Haemo-Sol for consist- 
ently accurate results—always. 
Literature and samples request. 


Ask about your special 
cleaning problems. 


MEINECKE COMPANY, 
225 Varick Street, New York 


are prepared con- 


sider requests 
ally qualified investigators for 
experimental quantities vita- 
min the form d-alpha- 
tocopherol its derivatives. 
Address inquiries to: Dr. Norris 
Embree, Director Re- 
search, Distillation Products In- 
(Division Eastman Kodak 


Company). 


supplier 

bulk tocopherols 
the pharmaceutical 
industry 
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beta-naphthol ester 

Use: Chymotrypsin 
L-Leucyl-beta-naphthylamide 
hydrochloride 

Use: Leucine aminopeptidase 5 


10% O-18 Heavy Water 
Use: Isotope research 


Reinecke Salt 
Use: Choline 


Thioacetamide 

Use: Precipitant for metal ions 
p-Bromoaniline, p-Iodoaniline 

Use: Pentose detection 
5-Nitrobenzotriazole 


Use: Nitroreductase 


Benzidine, purified 
Use: Peroxidase 
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Still Washing Hand? 


“SPECIAL PURPOSE” 


COMPLETELY 


The Special Purpose Lab- 


washer flexible machine— 
WATER SELECTOR 


adaptable any washing prob- SWITCH selects the exact 


lem encounters. effective type water you desire. 
where hot cold water will not 
work alone but where combi- 
nation the two types will work 
successfully. Its 
water rinse leaves glassware free 
all normal water deposits 
addition eliminating hand rins- 


ing. The Special Purpose Model 
Catalog No. 
11245-15— $750.00 


(Also available in under 
tories which absolute cleanli- counter model). 


Labwasher ideal research, 


educational and medical labora- DIAL CONTROL adapts 


your individual require- 
ments and operates auto- 


The Standard Model Labwasher also available under counter and cabinet model styles. 


For complete descriptive literature 
the C.R.C. Special Purpose Labwasher THE CHEMICAL co. 
write for Bulletin LA-12-AC for bul- 


letin the Standard Model 2310 Superior Avenue Cleveland 14, Ohio 


C.R.C. Labwasher. 


Laboratory Furniture Laboratory Supplies Scientific Equipment Analytical Chemicals 


The Handbook Chemistry Physics. 


Automatic 
SPECTROPHOTOMETER 


Model RS-3* 


The P&I Recording Spectrophotometer RS-3 converts your present man- 
ual Beckman more sensitive line operated automatic record- 
ing instrument low cost. 


High accuracy—stability—resolution simplify and accelerate compound 
identification and permit quantitative studies analytical procedures, 
rapid kinetics, extinction coefficients, and differential colorimetry. 


Only the P&I provides ALL these unique features: 


Linear Wavelength Scale— Uninterrupted scan, 
special charts tapes. 210-750 
moving light sources 
Stable Zero Line Automatic marking— 


every mz. 
Both Abs. are linear Low-Med-High Scan Speeds 
stand. high sens. scales 
Time Scale for Kinetics 


Constant resolution Line Operated 
For details, write: 
Stone Ave., Brooklyn 33, *Patent Pend. 
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NINTH EDITION you have copy 


Right off the press! Arranged alphabetically 
with extensive cross reference listing, this 
volume assures easy and accurate use. The 
catalog replete with general information 
related the many individual products. 
Large, clear item numbers aid exact 
specification the product. This catalog 
available every laboratory. you would 
like copy, address Hartman-Leddon Com- 
pany, Market Street, Philadelphia 39, 
Pennsylvania. 


HARTMAN-LEDDON COMPANY 


4 | 4, 
q 
ot. 
cw 
os 
| rl 
| 
xl 


Advertisers 


Hospital Supply Corp. 
Ames Company, 

The Borden Company 

Cappel Laboratories 

The Chemical Rubber Co. 
Chem-Tech Laboratories 
Distillation Products Industries 
Fisher Co. 
Hartman-Leddon Company 
International Equipment Company 
Josiah Macy, Jr., Foundation 
Meinecke Company, Inc. 
Patwin 

Process Instruments 
Standard Scientific Supply Corp. 
Arthur Thomas Company 


Laboratories 


read 


ABORATORY 


NVESTIGATION 


journal experimental methods and pathology 


Laboratory Investigation, official journal the Interna- 
tional Association Medical Museums, essential 
addition the literature. reflects the stepped-up 
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speed and simplify 
increase accuracy... 


INDIVIDUAL TEST AMPULS FOR 


HANGER FLOCCULATION 


cephalin cholesterol antigen 
| 
Simply add cc. saline diluent disposable 


tube which measured cephalin cholesteral 
antigen supplied. Quick and efficient, 
boiling, excess, shortage. Individual 


test positive Hanger serum equally convenient. 


Only these individual test ampuls, originated 
and available only through Cappel, provide 
standardized reagents time determination. 
Catalog Desiccated Reagent 
Number Individual Test Ampuls 
$18.00 
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New, compact horizontal burner gives uni- 
form flame pattern. 

Three matched photoelectric cells provide 
optimum spectral response and decrease 
cell mortality. 

Built-in automatic gas regulator and con- 
trolled atomization give uniform combus- 
tion and excitation. 

Unique double glass and copper 
plus internal blower insure thermal stability. 
Low cost. One-third less than any compar- 
able internal standard photometer the 
market. 
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Cholesterol Serum and Lipoprotein Fractions 


Measurement and Stability 


Joseph Anderson and Ancel Keys 


With the collaboration Flaminio Fidanza,* Margaret Haney Keys, 
Paul and Laura Werner 


cholesterol atherogenesis suggests that extensive use measurements 
the cholesterol (BLPC), well the total cholesterol 
serum desirable. For both total and BLPC, researches involving their 
estimation connection with the atherogenesis problem will commonly 
require statistical evaluation “before and values compari- 
sons between population groups, two situations demanding detailed infor- 
mation the reliability the methods. 

The present paper describes methods, applicable 0.1 ml. serum 
samples, for total cholesterol and for its fractionation into BLPC and the 
a-lipoprotein cholesterol (ALPC) paper electrophoresis and cold 
ethanol precipitation. Data are given also the storage samples for 
cholesterol measurement, the reproducibility the several cholesterol 
measurements, and spontaneous intraindividual variations serum 
cholesterol concentration. 

shown that the BLPC separated paper electrophoresis equiv- 
alent that from cold ethanol fractionation and that the total cholesterol 
serum and the electrophoretically separated fractions stable 


From the Laboratory Physiological Hygiene, University Minnesota, Minneapolis, 
Minn. 

Present address: Institute Biochemistry, University Naples, Italy. 

Present address: Department Medicine, University Cape Town, Union South 
Africa. 

Part the costs these studies were borne grants from the National Dairy Coun- 
cil, Chicago, and the Public Health Service (grant recommended the Cardio- 
vascular Study Section). 

Received for publication September 1955. 
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room temperature for months when air dried filter paper. Finally, 
shown that the analytical errors with the present methods are smaller 
than the spontaneous intraindividual variability human serum. 


MATERIALS 


Paper-electrophoresis apparatus. The apparatus patterned after that 
built Swahn (1, 2). rectangular moist chamber acrylate plastic 
(Plexiglas Lucite) 230 mm. long 210 mm. wide supports four paper 
midway the vertical chamber depth mm. The ends 
the strips filter paper (Whatman No. 1), 350 mm., are bent 
straight down dip into buffer solution about mm. below the bed 
points. thin sponge rubber gasket assures tight closure the flat top 
plate the edges the side and end walls the moist chamber. 
Michaelis’ veronal buffer. Five contain 29.428 Gm. barbital sodium, 
19.428 Gm. sodium acetate and about ml. 
normal HCl make 8.6. 

Sudan Black solution (Swahn) (2). One Gm. Sudan Black added 
mixture 600 ml. absolute alcohol and 400 ml. water. The mixture 
stirred constantly while heated boiling and boiled minutes. 
cooled and filtered through large filter Whatman No. paper. 
black specks appear the dyed papers the solution refiltered. 
Aqueous KOH, Gm. KOH plus Gm. water. 

Alcoholic KOH, Six ml. aqueous KOH diluted 100 ml. with 
absolute ethanol. 

Standard cholesterol solutions. Dissolve 60.0 mg. pure dry cholesterol 
absolute alcohol and dilute 500.0 ml. volumetric flask. 2.0 
ml. portion this contains 240 ug. cholesterol. When used described 
corresponds serum containing 240 mg. per 100 ml. Portions this 
solution are accurately diluted twice and six times give 120 ug. and 
standards, respectively. 

Liebermann-Burchard reagent. Place ml. acetic anhydride glass- 
stoppered Erlenmeyer flask. Cool ice colder. Keep cold while 
adding, dropwise, 4.5 ml. concentrated with constant stirring. 
Let stand minutes the ice bath, add ml. glacial acetic acid 
and bring 25° before use. Use within hour. 

ACD solution. One contains 22.0 Gm. trisodium citrate dihydrate, 
Gm. citric acid monohydrate, and 22.0 Gm. dextrose. 

Sodium acetate buffer. Two hundred ml. sodium acetate and 400 ml. 
10M acetic acid are diluted with water make This buffer when 
diluted 1:80 with distilled water should have 4.00 0.02 25°. 


} 
| 
|| 
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Alcohol-buffer. Add 2.4 ml. the above acetate buffer 250 ml. 95% 
ethanol and dilute with water This should prepared fresh daily. 
CALCULATIONS 


the analysis the results, both duplicate measurements with 


the same method and the application different methods the same 
serum, have used the following statistics 


Mean Difference 


where the difference (having regard sign) between 


first and second measurements and the number pairs measure- 
ments. 


Standard Deviation the Differences (S.D. 


Note that where there difference between the means the first and 
second measurements this value almost equal multiplied 


measurement. 


Standard Error Measurement (S.E.M.) 
Standard Error the Mean Difference 


Percentage Mean Difference 


These values are obtained multiplying the above values 100 and 
dividing the grand mean the measurements the series. For ex- 
ample: 


TOTAL CHOLESTEROL MEASUREMENT 


the present methods the final estimation cholesterol essentially 
the same for the BLPC for the total cholesterol 0.1 ml. serum, 
useful consider this first. This adaptation the method 
Abell al. (3), which cholesterol esters are hydrolyzed with alcoholic 
KOH, total cholesterol extracted from the alcoholic solution pe- 
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troleum ether (B.P. and, after evaporating the solvent, the 
Liebermann-Burchard reaction utilized. Our version, which call the 
method, has been applied thousands samples five different 
laboratories and the experience with this method and some details the 
procedure are briefly indicated below. 


Procedure 


Two ml. fresh KOH are added the measured sample 
(0.1 ml. serum) and standards and reagent blanks, glass-stoppered 
test tubes. Hydrolysis complete within minutes 37°. This system 
stable, the stoppered tubes may left for least week 
incubator for several weeks room temperature before proceeding 
further. 2-ml. portion water then added and the mix extracted 
shaking briefly (60 seconds) with 4-ml. portions redistilled petroleum 
ether and transferring the supernatant extracts with capillary (Pasteur) 
pipet directly the Evelyn colorimeter tube. Two extractions, with 
final rinse the pipet, extract per cent the cholesterol. With 
three extractions only very rough and hasty technic transfer needed 
for complete recovery. 

After adding drop 25% acetic acid petroleum ether each tube, 
the solvent evaporated stream warm air directed down into the 
tube. When the tube appears dry when held the light, the color develop- 
ment can started, this may delayed for weeks, need be, because 
the dry residue the tube stable. 


Colorimeter Readings 


the development color with the Liebermann-Burchard reagent 
find essential, especially when working the field when using 
varied batches chemicals, make serial readings each tube 
assure recording the actual maximum with 620 filter. this 
usually means starting readings minutes and repeating 5-minute 
intervals until the maximum known. With the Evelyn photoelectric 
colorimeter, readings 15-second intervals are convenient, batch 


REPRODUCIBILITY 


The reproducibility this method has been extensively studied 
and has been repeatedly checked with digitonin precipitation methods 
and with the simpler Bloor extract procedure which hydrolysis 
omitted and the mixed free and ester cholesterol extracted with Bloor’s 


| 
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There were 100 pairs duplicate analyses each series except Minneapolis where the 
number was 118. 


Minneapolis Naples Cape Town Bologna 
S.E.M.* (mg./ +3.52 +2.96 +3.57 
100 ml.) 
+1.42 +1.64 +2.44 +1.79 
0.979 0.992 0.979 0.978 


All series used 100 pairs duplicate analyses except Minneapolis, using 118. 
Standard error measurement. 

Percentage the mean the series. 

Coefficient correlation. 


alcohol-ether mixture. Data simple replication four laboratories are 
summarized Table 

will observed that the reproducibility results with the 
method such that, general, two out three replications will depart 
less than per cent from the first measurement. The poorest reproduci- 
bility have seen was the Cape Town series summarized Table 
where the work was done under great pressure time with unstable 
photoelectric colorimeter. The high coefficient correlation the Cape 
Town series reflects the wide range cholesterol (90 400 mg./100 ml.) 
the series. 

shown Table the method tends produce values very 
slightly higher than from the digitonin methods Sperry and Webb (4) 
and Foldes and Wilson (5). This might explained the theory that 
the method gives slight overestimate because the Liebermann- 
Burchard reaction used not completely specific. seems 
equally plausible that the digitonin methods give slight underestimates 


FROM THE DIGITONIN AND THE Extract 
Two LABORATORIES 


and Naples) Minneapolis Naples Digitonin 
(mg./100 ml.) 5.7 —44.0 —49.2 36.0 
(mg/100 ml.) +2.0 +0.88 +4.0 +8.6 
2.3 —19.6 —30.3 15.9 
S.E.A% +0.5 +0.39 +2.5 +3.8 


Comparison made with method Foldes and Wilson (5). 
Comparison made with method Sperry and Webb (4). 
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because the digitonide not absolutely insoluble the solvents used. For 
most purposes the difference negligible but any case the digitonin 
result can computed 0.97 times the result or, conversely, 
1.03 digitonin. the series samples covering the range 100 292 
mg./100 ml., Table the coefficient correlation between the means 
duplicates from the two methods was 0.9918, the mean value 
being 211.3 and digitonin being 205.6 mg./100 ml. 

The comparison Bloor extract values with those from the Sperry and 
Webb digitonin method gives, expected, difference similar that 
found when the method compared with the Bloor extract. the 
average, the Bloor extract value 15.9 per cent too high but the discrep- 
ancy reasonably consistent and the coefficient correlation between 
Bloor extract and digitonin values samples was 0.87. 

The discrepancy between the and the Bloor extract values far 
larger and more serious. Primarily this stems from the fact that the color 
intensity resulting from the Liebermann-Burchard reaction acting 
cholesterol esters higher than that with free cholesterol, the Bloor 
values, which are obtained from mixture free and ester cholesterol 
but computed though all were the free form, are erroneously high. 
With storage the proportion free ester cholesterol may changed 
the action esterases the serum (6). The data Table refer 
serum started through analysis within hours blood drawing. 
For this condition the finding Minneapolis 134 bloods, each analyzed 
duplicate the and the Bloor extract method, that the 
result can predicted multiplying the Bloor extract value the 
factor 0.836, the standard error estimate being +10.24 mg./100 ml. 


PAPER ELECTROPHORESIS PROCEDURE 


pencil line drawn across each paper strip point which will 
about cm. from the cathode end the bed the moist chamber. The 
paper dipped buffer, blotted until the gloss disappears, placed the 
moist chamber bending down the ends dip buffer the electrode 
vessels, and covered for hour more before applying 0.1 ml. serum 
single point the center the pencil line. Good results are obtained 
also the serum applied the dry paper spreading uniformly 
along the pencil line, keeping mm. away from each edge the paper 
and immediately adding the buffer dropwise the remainder the 
paper. 

The moist chamber covered and D.C. potential 185 volts ap- 
plied for hours. The strips are dried hanging them one end 
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room air warming smooth clean surface (e.g., photographer’s 
print drier). will seen, this dry state the paper may stored for 
least many weeks before proceeding further. 

desirable run, parallel, two strips for each sample, one 
stained guide for cutting the other strip into and 
parts. When the dry strips are examined before staining two brown spots 
are usually visible, one having migrated with the albumin about two 
thirds the length the strip, while the other has migrated only about 
half far and the globulin region. Further, when the strip ex- 
amined under ultraviolet light, large fluorescent spot appears, the albu- 
min brown spot being within this. The positions these spots, which may 
outlined with pencil, are useful guides for cutting the paper 
separate the and 

The uncut strip dyed immersed Sudan Black solution for 
10-60 minutes and then briefly washed ethanol-water and 
dried. there any doubt that this shows where cut the undyed 
strip, the pencil marks made the two strips noted above may 
compared. 


Extraction the Electrophoresis Paper Strips 


Each portion paper rolled and placed glass-stoppered test tube 
13-18 ml. capacity. Two milliliters alcoholic KOH are added, 
and the tube inclined wet the paper and incubated 
40° for least minutes. 4-ml. portion petroleum ether added, 
followed 6-ml. portion ethanol-water 2). The tubes are 
shaken for seconds, allowed stand briefly and the petroleum ether 
layer transferred Evelyn colorimeter test tube Pasteur pipet 
with 2-ml. rubber bulb. After use the pipet conveniently washed with 
petroleum ether from polyethylene wash bottle, the washings being 
collected the colorimeter tube. The petroleum ether extraction re- 
peated twice more, using 4-ml. portions each time. One drop 25% glacial 
acetic acid petroleum ether added each tube and the solvent 
evaporated the total cholesterol analysis. 

Reagent blank tubes and standard tubes are prepared similar pro- 
cedures. Reagent blanks are made with alcoholic KOH, incubated, and 
extracted the same way the serum samples. Filter paper and buffer 
salts are not added since they were found contribute color. Stand- 
ards are set measuring 2-ml. portions alcoholic cholesterol 
standard solutions into glass-stoppered tubes. dry strip buffer- 
treated paper, 120 mm. long, placed each the tubes for 
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which should contain amounts cholesterol the range 
expected for the samples. Two tubes con- 
taining cholesterol are given 50-mm. portions similar paper. 
each standard tube added 0.12 ml. 33% aqueous KOH. The tubes 
are incubated and thrice extracted with petroleum ether the same 
way the other tubes. The rest the analysis done the ordinary 
cholesterol measurement. 


COLD ETHANOL FRACTIONATION PROCEDURE 


This small-scale adaptation the first step Cohn’s Method 
for blood protein fractionation (7, 9). Alpha-lipoprotein cholesterol 
appears the supernatant fluid after the precipitation while the 
protein cholesterol appears the precipitate. 

0.1 ml. serum glass-stoppered round-bottomed centrifuge 
tube added 0.03 ml. ACD solution and the whole cooled —5° 
with constant stirring plastic-enclosed magnetic particle. Then, 
slowly, 0.52 ml. fresh alcohol-buffer added while stirring continues. 
Centrifuging for minutes —5° completes the sedimentation and the 
supernatant can decanted and drained off (at —10°). 

The residue dissolved ml. aleoholic KOH, incubated 37° 
for minutes, treated with ml. water and then extracted twice 
with 4-ml. portions petroleum ether. The cholesterol determination 
completed described above for total serum cholesterol the 
method. 


RESULTS FROM DUPLICATE FRACTIONATIONS 


Replication studies the 6-lipoprotein cholesterol (BLPC), both from 
paper electrophoresis and from cold ethanol separation, are summarized 
Table our experience the agreement between duplicates tends 
better the cold ethanol method (S.E.M. +4.3 vs. +5.8, the 


(BLPC) SEPARATED PAPER ELECTROPHORESIS 
AND ETHANOL 


ALPC from cold ethanol (Sum) with the total cholesterol measured the method. 


Comparison S.D.A S.D.A% 
Ethanol-ethanol 169 +6.1 +3.0 
Paper-ethanol 128 1.0 mg. 0.5 +13.5 +6.8 
128 5.3 mg. 2.2 +12.2 +5.0 


Sum BLPC and ALPC from cold ethanol. 
Total cholesterol measured method. 
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difference being slight but highly significant large series). But with 
both methods least two thirds second analyses fall within per 
cent the BLPC value obtained the first analysis. 

the average, the estimation BLPC from paper electrophoresis 
agrees reasonably well with that from cold ethanol, shown Table 
The correlation coefficient results with the two methods 
0.953. 

The comparison the sum the ALPC and BLPC with the total 
cholesterol measured directly with the method indicates small and 
fairly consistent discrepancy, such that ALPC plus BLPC gives aver- 
age overestimate 2.2 per cent the result, shown Table 
should noted that the standard deviation the difference between 
the sum the paper strips and the direct (K5) total cholesterol measure- 
ment includes the effects three measurement errors. The standard error 
measurement a-lipoprotein cholesterol (ALPC) somewhat smaller 
than that for BLPC and the standard error measurement the sum 
ALPC and BLPC was +6.70. 

The percentage total cholesterol the fraction was 
computed both the paper electrophoresis and the cold ethanol methods 
128 serum samples. The mean values were 80.9 and 82.4 per cent, re- 
spectively, and the between methods was +4.0 per cent. 
such duplicate estimates with the paper electrophoresis method the range 
was and the standard error measurement +1.1 per cent 
total cholesterol. Using the cold ethanol fractionation method for BLPC 
and the method for total serum cholesterol the percentage total 
cholesterol the beta fraction was computed duplicate for 164 compa- 
rable cases. The range was and the standard error measure- 
ment +2.1 per cent. 


STORAGE STUDIES 


well known that hazardous store nonsterile blood for more 
ured. But repeated studies this laboratory have shown that the concen- 
tration total cholesterol nonsterile human blood serum stored 
—20° stable for least years, though sampling presents difficulties 
because the thawed system mixture phases. These results refer 
cholesterol measured method involving hydrolysis the esters 
and subsequent application the Liebermann-Burchard reagent; with- 
out this step variable results are obtained because spontaneous hy- 
drolysis and esterification the stored serum (6). 

Besides deep-freeze storage, have found that total serum cholesterol 
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well maintained for many months room temperature lyophilized 
(dry) serum. This convenient way maintain reference standard 
for checking analytical methods. not even necessary use proper 
freeze-drying get stable product. Small quantities serum (up 
ml.) may dried without cooling wide-mouthed vial placed 
vacuum line close open supply anhydrous magnesium perchlorate 
phosphorous pentoxide for hour. For example, average 234.5 
mg./100 ml. total cholesterol was obtained from analyses fresh 
human serum samples. Fourteen analyses the same serums vacuum- 
dried this simple fashion and then stored for days 37° gave 
average 235.3 mg./100 ml. 


Air-Dried Samples Serum 


These results led further attempts simplification and was found 
that the total cholesterol small samples (0.1 ml.) serum may pre- 
served for least several months temperatures 25-30° merely 
air drying filter paper. The serum measured out cover the 
maximum area cm. diameter) Whatman No. paper which 
then hung the air for few hours dry. 

The subsequent analysis, course, requires extraction the choles- 
terol from the dried sample filter paper but this can combined with 
the hydrolysis step there great addition the labor analysis. 
The procedure described above for the analysis paper electrophoresis 
strips used, but find that more satisfactory extraction results the 
temperature maintained 70° for the combined hydrolysis-extraction 
step. 

series 126 samples serum drawn Cape Town, covering range 
from 424 mg. total cholesterol, were studied this way. The 
mean for the fresh serums analyzed, each duplicate, Cape Town was 
196.1 S.E. 6.3 and for the paper-dried replicates done Minne- 
apolis, duplicate, from weeks later, the mean was 197.7 5.5, 
the coefficient correlation between the two analyses being 0.986. 
The average difference, without regard sign, between the analyses done 
the fresh and the dried serums was 8.0 mg./100 ml., and the 
standard deviation the differences between results fresh and 
dried serum was +9.8 mg./100 ml. 

second test, under somewhat more favorable conditions for the 
measurements cholesterol the fresh serum, was made Italy. Blood 
samples were taken from 112 clinically healthy men Cagliari, Sardinia. 
After separation the serum, 0.1-ml. portions were dried paper and 
the remainder placed screw-capped vials and stored cold thermos 
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jugs until analyzed Naples few days later. The dried samples 
paper were stacked up, wrapped Saran Wrap and were mailed 
Minneapolis. The mean from the fresh material Naples was insignifi- 
cantly (0.2 mg./100 ml.) lower than the mean from the papers analyzed 
Minneapolis, the average difference between the two methods, without 
regard sign, being 5.4 mg./100 ml. The standard deviation these 
differences was +6.9 mg./100 ml. 

The paper strips after paper electrophoresis may dried similarly and 
analyzed leisure many weeks later. attention need paid the 
temperature storage. Staining the strips identify the lipoprotein 
distribution may done any stage between electrophoresis and final 
extraction and completion the analysis. 


DISCUSSION 
Metabolic 


The bloods used the foregoing analysis the results with the various 
cholesterol methods were all from clinically healthy men. These methods 
have also been applied blood from hospital patients with variety 
diseases. The agreement between duplicates analyzed for total cholesterol 
the present method several series patients was similar that 
found for healthy subjects. However, somewhat greater variability be- 
tween replicates paper and cold ethanol fractionation was found among 
patients with disordered cholesterol and/or lipid metabolism general 
(cirrhosis, nephrosis, diabetes). series such patients the sum 
ALPC plus BLPC paper averaged 7.5 mg./100 ml. higher than the 
direct measurement the total cholesterol, the standard deviation the 
differences being +12.9 mg./100 ml. +5.0 per cent the mean total 
cholesterol. this same series patients the BLPC estimation from 
paper electrophoresis averaged 9.6 mg./100 ml. higher than the BLPC 
separated cold ethanol and the standard deviation the differences 
was +25.6 mg./100 ml. Even when allowance made for the average 
difference between the BLPC results with the two methods, the standard 
deviation the difference was +10.8 per cent the grand mean 
compared with +6.9 per cent for men and this highly signifi- 
cant statistically. Apparently these very abnormal bloods there may 
unidentified factors which reduce the reproducibility the BLPC 
results. 


Intraindividual Variations 


The practical effect the method error any analytical method 
should judged after due consideration the limitations imposed 
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the presence other uncontrolled uncontrollable variations present 
the practical situations which the method applied. the case 
cholesterol human serum, spontaneous, intraindividual variation 
factor considered whenever the problem concerns and 
measurements. 

order compare the analytical error the present methods with 
these true intraindividual variations, adopted the following general 
scheme. With suitably selected subjects, blood samples were drawn 
two occasions, and and analyses and were performed duplicate 
each sample. The differences between analyses and and between 
and give measure the method reproducibility, while the differ- 
ences between samples and and between and include both 
method error and the intraindividual variability. The results this pro- 
cedure three series men, all studied the basal fasting state, are 
given Table 

Variability the method itself accounts for more than small 
fraction the variation between occasions any the series. The 
healthy young soldiers, living under highly constant controlled conditions 
the laboratory, are the most stable group but even them the stand- 
ard deviation between occasions four times that between replicates 
the same serum. The intraindividual variability the obese young men, 
and particularly the coronary patients, greater. the face such 
spontaneous variation patients what supposed constant 


Table Occasion, AND TRUE INTRAINDIVIDUAL VARIABILITY 
CHOLESTEROL AND CHOLESTEROL CONCENTRATIONS 


Variance of differences Standard deviation of 


Method Occasion “‘Indiv.’’ Method Occasion “Indiv.” 
cholesterol 209.5¢ 19.97 400.6 4.47 20.02 19.51 
lesterol 
Total cholesterol 214.3 21.16 558.9 4.60 23.64 23.19 
cho- 242.7 67.71 1447.8 1380.1 8.22 38.05 37.15 
lesterol 
Total cholesterol 273.4 23.46 900.3 876.8 4.84 30.00 29.61 


Series healthy soldiers studied constant regimen the laboratory oc- 
casions one week apart. Series healthy obese young men studied occasions days 
apart during control period with diet lib. Series ambulant middle-aged men with 
coronary heart disease studied, while supposedly constant regimen diet and exercise, 
occasions months apart. 

Number men (occasions 2N, analyses 4N). 

All values mg. cholesterol per 100 ml. 
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regimen obvious that these are serious limitations the demonstra- 
tion the effects therapy with limited numbers patients. should 
recognized that the values for intraindividual variation given Table 
will not reduced taking the mean values duplicate analyses 
the same For total cholesterol, direct trial this calculation, 
using the means duplicate analyses each occasion Series 
Table gave, predicted, variance 888.8 for the gross individual 
difference between occasions. 


Testing for Effect Drugs 


Such data replicate variances ascribable method error and intra- 
individual variability are, course, basic guides for planning research 
projects. Suppose desired test the effect, any, drug that 
reputed reduce the serum cholesterol and, accordingly, analyses will 
made serums from patients before and after getting the drug. Assume 
that that method and intraindividual variances, apart from any syste- 
matic effect the drug, will similar the control and drug periods. 
What then, can predicted about the number patients required 
mg./100 ml. total cholesterol? Alternatively, what the least 
average fall prove the point with given number patients? 

With single analyses one control and one experimental occasion the 
values for 0.01 are: 3.25, 2.86, 2.76 for 10, 20, patients, 
respectively. From Table that the standard errors 
expected for the mean difference with these numbers pa- 
tients will +9.49, +6.71, and +5.48 mg./100 ml., respectively; for 
mg./100 ml. mean change the corresponding values are 2.10, 2.98, 
and 3.65. Hence would good estimate the fewest patients 
studied. 

Alternatively, with patients, easy estimate the least mean 
change that would highly significant A/6.71 2.86 19.2 
mg./100 ml. (for 0.01). 

Eliminating the method error completely making large number 
replicate analyses the same bloods would not significantly change the 
foregoing indications. With perfect analyses, the standard error the 
mean difference between occasions with coronary subjects would not 
less than 29.61/ +6.62 mg. total cholesterol per 100 ml., 
reach 0.01, would have 18.9 mg./100 ml. 

Obviously, more important reduce the “occasion” variance 
Other things being equal, with single samples each two control and 


ul 
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two periods, the standard error the mean difference between 
occasions would reduced almost one third compared with that from 
single occasions. With coronary patients should approach +4.74 
mg./100 ml. for total cholesterol with samples each two occasions. 


Addenda 


Since the foregoing was written, paper Oliver and Boyd (10) has 
been published which adds further weight the argument for the im- 
portance the BLPC. Their cholesterol method does not involve hy- 
drolysis the esters and not suitable for use photoelectric colorim- 
eters requiring much more than ml. solution for final color reading. 

While this paper was being processed for publication, results were ob- 
tained check the present method preserving serum dried 
filter paper and subsequent cholesterol analysis our method. Dr. 
George Boyd, Department Biochemistry, University Edinburgh, 
kindly pipetted and dried filter paper duplicate samples serums 
and sent these Minneapolis for analysis without disclosing his results 
obtained the Sperry-Schoenheimer procedure applied the fresh 
Minneapolis results averaged 4.6 per cent lower than the 
Edinburgh results, the standard error measurement being +1.6 per 
cent the mean. Most the small average discrepancy was contributed 
two serums for which the Minneapolis values were 344 and 278 mg./100 
ml. while the respective Edinburgh values were 302 and 225 mg./100 ml. 
These findings conform with our experience that the digitonin method 
generally gives slightly lower values, some which, least, probably 
represent incomplete precipitation loss digitonide. 


SUMMARY 


Methods are described for the separation, paper electrophoresis 
and cold ethanol, and 0.1 ml. serum, with 
subsequent analysis cholesterol the separated portions. 

shown that both methods separation yield separated frac- 
tions containing substantially the same amounts cholesterol. 

Detailed data are given the errors measurement for total 
cholesterol and for cholesterol the separated lipoprotein fractions. 

Studies are reported the stability cholesterol stored serum 
and paper electrophoresis strips. shown that simple drying filter 
paper causes change cholesterol content and yields product that 
stable for many weeks ordinary room temperature. 

The sources variability human serum cholesterol values are 
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examined and shown that spontaneous intraindividual variability 
much greater source error than the errors measurement with these 
methods. 
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Azorubin Aqueous and Methanolic 
Solutions 


Spectrophotometric Studies 


Howard Friedman 


DEVELOPMENTAL STUDIES 


The original quantitative procedure for bilirubin Van den Bergh 
(1) was based upon comparison the color ether extract, first 
with ferric thiocyanate solutions and later with cobalt sulfate standards. 
This inaccuracy standardization has been eliminated the availa- 
bility purified bilirubin both solid form and comparatively stable 
solutions, and the adaptation the procedure spectrophotometers 
and photoelectric colorimeters, both which isolate narrow bands 
light compared the entire spectrum used with visual colorimeters. 

The second problem was that precipitation the proteins the 
addition ethanol the determination total bilirubin, accompanied 
subsequent loss some bilirubin adsorption, and incomplete 
dissociation from the assumed protein-bilirubin complex. The solution 
this problem was worked out Malloy and Evelyn (2), who found 
that the serum proteins did not precipitate 50% methanol provided 
the final protein concentration was below certain level. this con- 
centration methanol, full color development the azorubin takes 
place. The final dilution the original method was about 
50, with protein concentration 300-400 mg. per 100 ml. Observa- 
tions during the present study indicate that protein precipitation 
methanol does not occur under the proposed test conditions, the serum 
dilution more—that is, protein concentration not more 
than 1%. Above this protein concentration precipitation almost in- 
variably occurs. 

From the Tampa Municipal Hospital, Tampa, Fla. 
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The division serum bilirubin into prompt, biphasic, and delayed 
reactions has been shown Gray and Whidborne (3) depend large 
part upon the total concentration direct bilirubin. They pointed out 
that when the serum direct bilirubin concentration was greater than 
mg. per 100 ml., reaction always occurred. When the con- 
centration was less than mg./100 ml., the formation azorubin 
slow that the reaction called With concentrations between 
and mg./100 ml., the “biphasic” reaction most commonly ob- 
served. These concentration ranges were determined with rather large 
dilutions serum. quite likely that with dilution biphasic 
reactions will observed concentrations low mg./100 ml. 

Several workers (4, have pointed out that Watson’s (7) 1-minute 
direct bilirubin merely arbitrary point time rate-color develop- 
ment curve. takes about.7 minutes develop 95% the color 
azorubin, regardless the concentration direct bilirubin. Therefore, 
since the shape the curve determined the total direct bilirubin 
concentration, and since the 1-minute concentration merely point 
this curve, the 1-minute bilirubin has more clinical significance than 
the total direct bilirubin, upon which depends. 

remained, therefore, determine whether and 
bilirubin actually exist serum, whether they are artefactual. 


EXPERIMENTAL AND RESULTS 


The apparatus used was the Coleman Junior Spectrophotometer, 
Model 6A, with mm. cuvets. 

The reagents were those Malloy and Evelyn (2). The bilirubin 

stock standard solution (Hartmann-Leddon Company) contained 
mg. bilirubin 100 ml. chloroform. This solution was kept the 

refrigerator when not use. The factor determined from this standard, 
which has been used for calibration the spectrophotometer for routine 
bilirubin determinations this laboratory, has not changed more 
than years, using the same bottle stock standard. 


Dilute standard solutions bilirubin were prepared diluting 
and ml. the chloroform solution ml. with methanol. These so- 
lutions contained and 5mg. per 100 ml., respectively. rea- 
gent blank was prepared using chloroform instead the stock standard. 


Methanol Dilution 
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Table ABSORBENCE AZORUBIN WITH METHANOL DILUTION 


Concentration of standard (mg./100 ml.) 


Dilution factor Chloref 
1/4 0.220 0.435 0.635 0.865 1.080 
1/8 87.5 0.110 0.220 0.330 0.540 
1/12 0.075 0.150 0.220 0.295 0.360 
1/16 0.055 0.110 0.165 0.220 0.270 
Procedure 


Half-milliliter aliquots each standard were placed series 
mm. cuvettes. each tube was added ml. methanol. 
After mixing tapping the tubes 0.5 ml. diazo working reagent (2) 
was added. Thus each test solution contained 75% methanol. After the 
solutions were mixed and allowed stand for minutes room tem- 
perature, the absorbences were read 540 with the absorbence 
the blank tube set Two milliliters methanol were then added 
each tube, the tubes mixed inversion, and the absorbences read 
again. Two milliliters each solution were transferred second 
series cuvets, ml. methanol added, the tubes mixed, and the 
absorbences read before. The absorbences were again determined 
after adding another ml. methanol. All tubes were run triplicate. 
The results are shown Table 


Water Dilution 


Another set solutions was prepared exactly above. After the 
solutions were allowed stand minutes, the absorbences were read. 
Distilled water was added each tube 2-ml. aliquots, the solutions 
mixed, and the absorbences read again. Two milliliters each solution 
were then added ml. distilled water another series cuvets, 
the tubes mixed, and the absorbences read. One milliliter each solu- 
tion was then transferred ml. distilled water, the tubes mixed, 
and the absorbences read again. All tests were run triplicate. The 
results are shown Table 


Methanol-Water Dilution 


Similar experiments were carried out with serum specimens from 
which 0.5 ml. serum was added 1.5 ml. diazo working reagent 
and allowed stand room temperature for minutes after mix- 
ing. The absorbence was read against similarly prepared blank. Two 
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Table AZORUBIN METHANOLIC SOLUTION WITH WATER 
DILUTION 


Concentration of standard (mg./100 ml.) 


Dilution factor MeOH conc. (%) 
Chloroform 1 2 3 4 5 


blank 


1/4 0.220 0.440 0.650 0.8 
1/8 37. 0.105 0.210 0.32 0.4 
1/16 0.050 0.100 0.150 0.200 0.250 
1/48 0.015 0.030 0.045 0.0 


Table SERUM AZORUBIN WITH METHANOL-WaTER 


Absorbence* 
Patient 

0.860 0.550 0.225 
0.560 0.340 0.145 
0.040 0.100 0.015 
0.780 0.460 0.200 
F.L. 0.360 0.240 0.100 
0.320 0.200 0.085 
0.000 0.040 0.005 
0.500 0.280 0.130 
0.460 0.280 0.120 
0.160 0.140 0.050 


Factor absorbence for direct bilirubin, for total bilirubin, and for last 
column. 


ml. methanol were then added each tube, and the absorbences 
read again after mixing and standing for minutes. Two milliliters 
the mixture were then added ml. distilled water, bringing the 
methanol concentration down 25%. each case, seen Table 
the final absorbence was less than one half that 50% methanol, and 
very close one quarter that the first absorbence reading water 
alone. 


DISCUSSION 


The small amount chloroform present the standard solutions 
did not cause precipitation cloudiness when distilled water was added 
any the test mixtures. 

For the purpose interpretation, one must assume that after 
minutes all the bilirubin converted azorubin, that this dye 
comparatively stable—that is, does not decompose dissociate 
appreciably upon dilution with methanol distilled water. From Table 
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obvious that decomposition occurs upon dilution with meth- 
anol. 

Table all absorbences were proportional each tube the final 
dilution with methanol, well proportional the concentration 
each tube, absorbence more than 1.000. Thus, Beer’s law 
followed over absolute bilirubin concentrations from 0.001 0.25 mg. 
per ml. test solution. 

When the original test solutions are diluted 1:12 with water, suc- 
cessive steps, final dilution 48, shown Table the 
decrease absorbence not proportional the dilution. This ob- 
served even final dilution only 37.5% methanol. How- 
ever, the absorbence proportional the concentration for any given 
concentration methanol. Theoretically, the absorbence Tube 
mg./100 cc.) should decrease from 1.080 0.090 1:48 dilution. 
The actual absorbence 0.070, per cent the theoretical. Thus, 
mg./100 only 3.9 mg./100 cc. are recovered aqueous solu- 
tion. and mg./100 only 3.4, 2.5, 1.8 and 0.8 mg./100 ce. 
are recovered, 78, 85, 83, and per cent, respectively. 

Most clinical laboratory workers find that these figures represent ap- 
proximately the percentages direct bilirubin out the total serum 
bilirubin which are determined almost every range concentration 
except the low range below about 1.5 mg./100 cc. Also excluded are 
instances bilirubinemia due hemolytic causes, for fairly well 
established that these cases are dealing with more less defi- 
nitely defined excess bilirubin-globin complex, which does not diazotize 
completely until alcohol added. 


CONCLUSIONS 


Thus, the author feels that reasonable conclude that large 
part, not all, the differences values observed between direct and 
total bilirubin serum artefactual, and due the difference ab- 
sorbence azorubin aqueous and alcoholic solutions. 

Although first glance difficult reconcile this conclusion with 
the observed renal threshold for bilirubin, which about 1.4 mg. 
direct bilirubin per 100 ml., one soon realizes that the 1.4 mg./100 ml. 
may actually 1.6 1.9 mg./100 ml. single type bilirubin. 
also becomes apparent that, whereas obstructive and regurgitative 
types jaundice only one type bilirubin probably present, 
hemolytic jaundices the existence two types may still required 
explain the observed Van den Bergh reactions. 
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SUMMARY 


study the spectrophotometric characteristics azorubin 
varying proportions methanol and water has been presented. 

The absorbence azorubin water was found vary from 
per cent that methanol, over concentration range 0.001 
0.025 mg. per ml. test solution. 

The absorbence azorubin was found linear over the same 
range concentration, and over the range from 0.1 mg. per 100 
ml. serum, using final test dilution 

The strong probability the artefactual nature and 
serum bilirubin values has been demonstrated. 
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Metabolites Salicylic Acid Urine 


Determination 


Tompsett 


SALICYLATES are used extensive scale anti-in- 
flammatory agents, there laboratory method for the approximate 
determination their metabolities urine. Such examination may 
value since has been suggested (1) that the metabolism sali- 
cylates can vary disease. Urinary results would, however, affected 
differential treatment the various metabolites the kidney (2). 

now generally agreed that following the oral administration 
salicylates the chief metabolites found the urine are free salicylic and 
gentistic acids and conjugates such salicyluric acid. 

The following technic permits approximate evaluation the 
metabolites salicylic acid after large oral doses, and can carried 
out the clinical laboratory. Single dimensional paper chromatography 
employed and only about ml. urine are required. The benzene- 
acetic acid-water system Bray, Thorpe, and White (3) and the Kawerau 
Unit (4) are used. The latter, because its small size, permits ready 
temperature control. The most sensitive reaction for the determination 
phenolic compounds such salicylic acid and gentistic acid the phenol 
reagent Folin and Ciocalteu (5). This reagent, however, nonspecific, 
the reaction being given many nonphenolic substances normally 
present urine. When examined the chromatographic system Bray 
al. has been found that these nonspecific substances remain 
stationary, whereas gentistic and salicylic acids are separated. Salicylic 
acid has high value, whereas gentistic and salicyluric acids have low 
values (Fig. 1A). 

The complete evaluation made from two runs. the first, 100 
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GENTISTIC ACID SALICYLIC ACID 
SALICYLURIC ACID 


STRIP No, 


Fig. 1A. values gentistic, salicyluric, and salicylic acids. 


ul. urine are applied the paper. the second run, 100 ul. urine are 
applied after acid hydrolysis. For this purpose, 0.4 ml. concentrated 
hydrochloric acid added ml. stoppered tube and placed 
boiling water bath for minutes. After cooling, the contents are 
made volume with water. the present study, number as- 
sumptions have been made: 

Unhydrolysed urine. High-R; phenolic material represents free salicylic 
acid. This not strictly true since other free phenols would in- 
cluded, but they are usually negligible. 

Hydrolysed urine. The increase high-R; phenolic material represents 
conjugated salicylic acid. Other phenol conjugates will also in- 
cluded but these usually only amount about mg. (as phenol) 
per day. 

Hydrolysed urine. Low-R; phenolic material material represents 
gentistic acid, free and conjugated. 

There destruction the result acid hydrolysis. 

The quantitative determination salicylic and gentistic acids from the 
chromatograms necessitates reference standards since each has dif- 
ferent sensitivity toward the phenol reagent. Experiments have been 


m, AMINO-PRENOL p-AMINO SALICYLIC ACID 
STRIP No. 


Fig. 1B. values p-amino salicylic acid and m-amino phenol. 
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carried out with regard possible interference from p-amino salicylic 
acid. Reference the Fig. shows that p-amino salicylic acid has 
intermediate between gentistic and salicylic acids and m-amino 
phenol; the product produced the action hot dilute mineral acids 
does not move the system. 

Quantities gentistic and salicylic acid (10-50 added paper 
and subjected the technic could recovered with accuracy 
108 per cent. 


METHOD 
Reagents 


Folin-Ciocalteu phenol reagent (5). 
Sodium carbonate, solution. 


Apparatus 


Whatman No. filter paper strips mm. wide. 

Kawerau unit. 

Two parts benzene, parts glacial acetic acid, and part water 
are shaken separating funnel and the phases allowed separate. 
The phases are separated and placed each the two flasks. 


Procedure 


strip Whatman No. filter paper mm. wide, area 
mm. long marked with pencil lines. Urine (untreated hydrolysed) 
applied within this area and allowed dry until total volume 100 
ul. have been added. This area designated The paper arranged 
within the Kawerau unit that one end dips into the benzene phase and 
the other free. Area located just above the benzene phase. The 
solvent allowed run the paper until has advanced about 250 mm. 
beyond Area (6-8 hours). The paper removed, the position the 
solvent front marked and the paper allowed dry room temperature. 
The end containing and including Area cut off and discarded. The 


ADMINISTRATION RHEUMATIC FEVER 


Free salicylic Salicylic acid Gentistic acid 


Case No. actc conjugates (free and conjugated) 
(mg./100 ml.) (mg./100 ml.) (mg./100 ml.) 
194 (68.4%) (15.8%) (15.8%) 
230 (72.7%) nil (0%) (27.3%) 


The figures parentheses refer the percentage the total metabolites excreted. 
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€-------- > 
STRIP Ho. STRIP No. 


Fig. and values normal urine compared urine after salicylate administra- 
tion. 


remainder the strip the advance the solvent front divided 
into equal parts. These are numbered from and correspond 
2A). 

These pieces paper are each placed ml. water. 0.25-ml. 
amount Folin-Ciocalteu reagent added, followed ml. 
sodium carbonate solution. The tubes are allowed stand room 
temperature for seconds and then placed boiling water bath for 
minute. After cooling the colors are read against water Unicam 
spectrophotometer 350 600 

The results may then plotted the form graph (Fig. 2B). 


Calculation 
The average reading obtained for Strips and taken represent 
the blank, which then subtracted from each the other strip readings. 


The readings will follows: 
Unhydrolysed urine. The corrected readings for Strips and 
represent free salicylic acid. 

Hydrolysed urine. (a) The corrected readings for Strips and 
represent total salicylic acid (free and conjugated); (b) the corrected 
readings for Strips and represent total gentistic acid (free and 
conjugated). 


Examination Urine after Oral Administration Salicylates 


Results are shown the Table and Fig. 2B. 
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Absorption and Excretion 17, 21-Dihydroxy- 
20-Ketosteroids Dogs 


Robert Silber and Evan Morgan 


performed after intravenous administration solu- 
tions hydrocortisone and cortisone man have established the plasma 
half-life hydrocortisone hours and that cortisone hour (1, 
2). From isotopic determinations urine, the half-life hydrocortisone 
the body has been found hours and that cortisone 3.6 hours 
(3, 4). Thus, cortisone not only cleared from the plasma more rapidly 
than hydrocortisone but also metabolized and excreted faster 
rate. rats (5), hydrocortisone acetate has been shown very 
slowly absorbed from injection sites, whereas hydrocortisone more 
rapidly absorbed than cortisone, cortisone acetate, hydrocortisone 
acetate. these studies was shown that biologic activity was de- 
pendent upon the rate absorption the steroids from the injection 
sites. 

therefore seemed desirable compare the absorption, excretion, 
and half-life plasma several steroids including the newer forms, 
9a-fluorohydrocortisone, prednisone, and prednisolone. Information 
regarding the mechanism responsible for the greater biologic activity 
these steroids might obtained such studies. 


EXPERIMENTAL 


Adult fasted beagle dogs weighing 12-14 Kg. were used. The ana- 
lytical procedure was that Silber and Porter (6) except for the use 
higher concentration 8-glucuronidase noted elsewhere (7). 

For intramuscular administration the steroids were suspended 
saline (50 mg./ml.) and for oral administration, they were dissolved 
ml. ethanol, diluted with ml. water, and the stomach tube 
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dogs). 


was washed with additional water. For intravenous administration, the 
steroids were dissolved (25 mg./5 ml.) and diluted 125 ml. 


with saline. The infusion mg. steroid was completed 15- 
minute period. 


RESULTS 


Plasma Concentrations 
Intramuscular Injection 


After intramuscular administration 100 mg., plasma samples taken 
after and hours revealed increases steroid concentration 
ml. after administration hydrocortisone, cortisone, cortisone 
acetate, prednisone, and prednisolone without peak the 5-hour 
period. Hydrocortisone acetate and injection 


failed cause measurable increase the plasma steroid concentra- 
tion. 


Oral Administration 


After oral administration 100 mg. striking differences the plasma 
concentrations were found (Fig. 1). Prednisolone concentrations were 
far greater than those observed with the other steroids and the plasma 
concentrations the two steroids were more prolonged. 9a-Fluorohy- 


700 
\ _— prednisolone 
600 ------ fluorohydrocortisone 
hydrocortisone 
prednisone 
cortisone 
500 cortisone acetote 
\ hydrocortisone ocetote 
400 


200 


100 


Shr 
TIME AFTER ORAL DOSE 


Fig. Plasma concentrations after 100 mg. orally (increase per cent; averages 
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drocortisone showed the next highest peak value. Concentrations found 
after administration cortisone, cortisone acetate, and hydrocortisone 
acetate were lowest. 


Intravenous Injection 


After intravenous administration mg., peak concentrations 
determined minutes after the infusions ranged from per 
cent. The curves and the half-life times are shown Fig. 9a-Fluoro- 
hydrocortisone and prednisolone had slightly longer half-life times than 
hydrocortisone, and prednisone had longer half-life than cortisone, 
which was the most rapidly cleared the steroids studied. 


Urinary Excretion 


The urinary excretion data are summarized Table The steroids 
are listed decreasing order, based upon their total excretion after oral 
administration, with hydrocortisone the top and 9a-fluorohydro- 
cortisone the bottom. After intramuscular injection, relatively little 
steroid was found, with almost negligible amounts excreted after giving 
all except hydrocortisone and prednisolone. After intravenous infusion, 
per cent the dose hydrocortisone was found, and 10.6 per cent 
after giving its derivative. From 7.5 per cent each the other 
three steroids was detected the urine. 


250 
prednisolone 60min 
fluorohydrocortisone 58 min 
200 —— hydrocortisone 44min 
predisone 33 min 
e—e cortisone 23min 


MICROGRAMS 


Shr 
TIME AFTER INFUSION 


Fig. Plasma concentrations after mg. intravenously (increase per cent; 
averages dogs). 


150 


Vol. No. 1956 173 


Table AFTER ORAL, INTRAMUSCULAR, AND 
INTRAVENOUS ADMINISTRATION 


Oral, 100 mg. I. M., 100 mg. I. V., 25 mg. 
Free Conjugated Free Conjugated Free Conjugated 

Hydrocortisone 22.0 1.05 4.0 0.7 2.8 
Prednisolone 6.2 1.9 0.9 0.4 2.2 0.45 
Hydrocortisone acetate 1.9 5.2 0.17 0.11 
Cortisone 1.65 0.75 0.65 0.4 0.9 
Cortisone acetate 3.1 0.22 0.19 
Prednisone 3.5 1.0 0.8 1.2 0.3 
2.7 1.3 0.33 0.24 0.9 1.0 


has been found that tetrahydrohydrocortisone essentially the sole glu- 
curonide form that excreted after giving hydrocortisone dogs, the values listed 
the column have been corrected for the incomplete recovery this steroid 
the procedure used. 

All results are the averages found with dogs, expressed mg./24 hr. 


The total excretion ,21-dihydroxy-20-ketosteroids after oral ad- 
ministration 100 mg. hydrocortisone dogs (average 24.5 mg.) 
was not significantly different from the excretion observed after intra- 
venous administration the same amount (average 25.2 mg.). 

Normal dogs excrete very small amounts 
ketosteroids, about 100-300 ug. hours, corrections for the basal 
excretion have not been made this paper. 


DISCUSSION 


The excretion conjugated forms prednisone, prednisolone, and 
9a-fluorohydrocortisone after oral administration was obviously de- 
pressed result the introduction the double bond the 
fluorine into the molecule. This indicates that reduction these forms 
the position inhibited, thereby depressing the rate conjugation. 
Since reduction the ring major inactivation process the body, 
seems likely that retardation this process least partially re- 
sponsible for the greater biologic activity these three steroids. Lower 
excretion the glucuronide forms the three steroids was also evident 
after intravenous intramuscular administration. 

Since has been found (7) that dogs, like man, excrete constant 
fraction given oral dose hydrocortisone, the excretion data 
Table should make possible estimate the fraction intra- 
muscular oral dose that has been absorbed. Thus, since about per 
cent the oral hydrocortisone dose was excreted the urine 
dihydroxy-20-ketosteroids, excretion mg. after intramuscular in- 
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jection 100 mg. indicates that mg., per cent, were absorbed 
the 24-hour period. Similar calculations reveal that per cent 
the intramuscular doses cortisone, prednisolone, and prednisone 
were absorbed from the injection sites the same time. Furthermore, 
one makes correction for the basal excretion 0.2 mg. per dog per 
day, such calculations indicate that about per cent the hydrocorti- 
sone acetate, per cent the cortisone acetate, and per cent the 
9a-fluorohydrocoriisone were absorbed the hours after injection. 

The plasma half-life the steroids with increased biologic activity 
was measurably but not strikingly prolonged after intravenous adminis- 
tration. After oral administration, plasma concentrations were not only 
higher but also more prolonged than after administration hydro- 
cortisone cortisone. These results support the excretion data, which 
indicated that the metabolic inactivation prednisone, prednisolone, 
and 9a-fluorohydrocortisone was depressed. 

The plasma half-life times were calculated after plotting the logarithm 
the increase plasma concentration against time. noted man 
after intravenous infusion (1, 2), such plot yields straight line. 
interest that straight line also obtained when the values ob- 
tained after oral administration are plotted the same way. 


SUMMARY 


The plasma concentrations free 
and urinary excretion both free and glucuronide forms have been 
determined after oral, intramuscular, and intravenous administration 
cortisone, hydrocortisone, their forms, and 9a-fluorohydrocortisone 
dogs. 

Excretion the glucuronide forms those steroids with double 
bond the 1-2 position with fluorine position was depressed, 
and the plasma half-life each these steroids was longer than that 
the parent compound. 


REFERENCES 


Peterson, R., Guerra, Wyngaarden, J., Brodie, B., and Bunim, J., Ann. 
Diseases 13, 347 (1954). 
Glenn, E., Sydnor, K., Sayers, G., Sweat, M., Jeffries, W., Levy, R., and Kelly, L., Am. 
Physiol. 179, 639 (1954). 
Plager, J., Tyler, F., Hecht, H., Samuels, L., Clin. Endocrinol. and Metabolism 14, 
780 (1954). 
Hellman, L., Bradlow, H., Adesman, J., Fukushima, D., Kulp, J., and Gallagher, T., 
Clin. Invest. 33, 1106 (1954). 
Porter, C., and Silber, R., 53, (1953). 
Silber, R., and Porter, C., Biol. Chem. 210, 923 (1954). 
Silber, R., Clin. Chem. 234 (1955). 


to 


\ 


Serum Determination 


George Kingsley and Gloria Getchell 


IRON REAGENT, 4,7-diphenyl-1,10-phenanthroline, which has 
more desirable sensitivity than other known iron reagents, has been 
introduced Case (1), has been used Smith al. (2) the estima- 
tion iron water, and serum Peterson (3) who reported the 
molar absorbency index the iron complex this new reagent 
almost three times that o-phenanthroline. This 
reagent also has added advantage that its iron complex can 
separated with isoamyl alcohol from aqueous solutions which contain 
interfering ions. 

have made comparative study several serum iron methods, 
and have obtained lower iron values with the method Peterson (3) 
than that Kitzes al. (4) Ramsey (5). Since the methods Kitzes 
and Ramsey require larger serum specimens and are time consuming, 
and the method Peterson gave lower serum iron values, investi- 
gation was undertaken develop improved serum iron method using 
the more sensitive 4,7-diphenyl-1 ,10-phenanthroline reagent. 


METHOD 


Reagents 
All reagents must tron free. 
Hydrochloric acid. 
Hydrazine sulfate: saturated solution reagent-grade hydrazine 
sulfate water. (This reagent stable amber Pyrex bottle.) 
Sodium acetate (reagent grade): Prepare saturated solution iron- 
free distilled water. significant iron contamination present the 
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sodium acetate may purified adding few drops hydrazine 
sulfate and shaking with alcohol reagent. 

alcohol (reagent grade). 

Absolute ethyl alcohol (reagent grade). 

Tron-free distilled water: Redistilled from all-glass still. 

0.0025M Phenanthroline-Isoamyl alcohol reagent: Dissolve mg. 
Frederick 
Smith Chemical Co.) isoamyl alcohol and dilute 500 ml. with 
alcohol. 


Stock Standard 


Thoroughly clean small piece iron wire known iron content 
(usually 99.8 per cent). Weigh amount wire that contains approxi- 
mately 100 mg. iron. Place the iron 250-ml. Florence flask and 
add ml. concentrated iron free HNO; and about ml. iron-free 
distilled water. Heat boiling and boil until completely dissolved. 
Continue boiling minute longer. Cool and transfer solution quantita- 
tively 100-ml. volumetric flask. Dilute volume with iron-free 
distilled water and mix; ml. mg. Fe. This solution stable in- 
definitely kept free contamination. 


Dilute lron Standard 
Dilute ml. stock iron standard 1000 ml. with iron-free distilled 
water; ml. ug. Fe. 
Standardization 
Accurately measure 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0 ml. 
dilute iron standard into glass-stoppered test tubes (16 150 mm.). 


Dilute ml. with iron-free distilled water and continue directed 
PROCEDURE. 


Calculation 
Prepare graph semi-log paper plotting per cent transmission 
(ordinate) against wg. concentration iron (abscissa) per 100 ml. Con- 
centration may also calculated from the formula: per 100 ml. 
Collection Serum 


All serum specimens used this investigation were collected under 
neutral, light, mineral oil acid-washed test tube (25% 
Slight hemolysis will increase serum iron values. Hemolysis avoided 


1400 with Coleman spectrophotometer model with No. 6-304 cuvets. 
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using airtight needle and syringe oiled with light neutral mineral 
oil. After removing the needle, add blood directly from the syringe 
test tube, allowing blood run gently down the side the tube 
containing about ml. the mineral oil. Centrifuge the blood 
after has been allowed clot for 30-45 minutes. Separate the serum 
from the clot immediately after centrifugation. 


Procedure 


Pipet ml. fresh unhemolyzed serum into glass-stoppered test 
tube (16 150 mm.). Add ml. distilled water and ml. 
Prepare reagent blank the same manner, substituting ml. dis- 
tilled water for ml. serum. Heat tubes boiling water bath for 
minutes. Cool, add ml. saturated sodium acetate, ml. phenan- 
throline-isoamyl alcohol reagent, and 0.5 ml. saturated hydrazine 
sulfate. Stopper the test tubes and shake them Kahn shaker for 
minutes. Remove stoppers and centrifuge. Pipet ml. the isoamyl 
alcohol layer into photometer cuvets. Add 0.5 ml. absolute alcohol 
clear the alcohol extract, and mix. Read 530 against 
the reagent blank set 100% 


EXPERIMENTAL 
Reproducibility and Normal Range Method 


Maximum absorbence the ferrous complex 
phenanthroline occurs 530 (Fig. 1). The effect reducing agents 
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40. 
490 530 550 570 610 
WAVE LENGTH 
Fig. Absorption spectra the ferrous complex 
obtained with the Coleman Junior Spectrophotometer, No. using 304 cuvets. 
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Fig. Effect different reducing agents the standardization curve the ferrous 
complex obtained with the Coleman Junior Spec- 
trophotometer No. using 304 cuvets. Curve sodium sulfite. Curves and hy- 
droquinone, hydrogen, and thioglycolic acid. Curves and phenylhydrazine, hy- 
drazine sulfate, and ascorbic acid. 


the standardization curve the ferrous complex shown Fig. 
0.5 ml. aqueous solutions 21.0% 5.0 per cent hydroquinone 
5.0 per cent ascorbic acid acetic acid, saturated hy- 
drazine sulfate, 5.0 per cent phenylhydrazine, and drops Eastman 
acid were added with the alcohol- 
iron reagent. Hydrogen from zinc-HCl generator was bubbled into the 
iron standards (after HCl digestion) through fritted gas-dispersion 
cylinder (12 mm. coarse, No. 39533 tube, borosilicate glass, Corning). 
Phenylhydrazine, hydrazine sulfate, and ascorbic acid apparently have 
about the same activity the reduction iron this procedure. 
Heilmeyer (6) has obtained per cent more serum iron with hydrogen 


Table Serum RECOVERIES WITH THE 
PHENANTHROLINE 


Serum iron added recovered Recovery 
(ug. (ug. (ug. 
113 163 100 
172 215 
160 100 250 
150 100 240 
195 100 295 100 
150 216 
150 200 344 
122 200 322 100 
166 200 350 
122 200 350 108 
250 300 
173 250 437 103 
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Fig. Effect different reducing agents the presence serum the standardiza- 
tion curve the ferrous complex 4,7-diphenyl-1,10-phenanthroline obtained with 
the Coleman Junior Spectrophotometer No. using 304 cuvets. Curve phenylhy- 
drazine. Curve ascorbic acid, hydroquinone, and thioglycolic acid. Curve hydrogen, 
and sodium sulfite. Curve hydrazine sulfate. 


reduction than with hydroquinone when phenanthroline was used 
the iron reagent. 

Good recoveries total serum iron were obtained with the 4,7- 
reagent (Table 1). The different reducing 
agents produced different shades color the reduction iron from 
the ferrous complex 4,7-diphenyl-1,10-phenanthroline. pink-red 
color was produced with sodium sulfite, hydrogen, 
acid; orange-pink color with hydrazine sulfate, acid, and hy- 
droquinone; and yellow-orange color with phenylhydrazine. spite 
the different shades color, maximum absorbence with all the reducing 
agents was obtained 530 my. the presence serum, hydrazine 
sulfate gave color with the greatest light absorbence (Fig. 3). This 
reagent the most stable and convenient prepare the reducing 
agents used. 


Comparison with Method 


The serum iron method was ap- 
plied directly normal serum described PROCEDURE and also 
dry-ash residues aliquots these serums and compared the a-a’- 
dipyridyl method Kitzes al. (4) (Table 2). The method Kitzes 
was slightly modified using described Delory (7) in- 
stead thioglycolic acid. The method Peterson (3) gave values 
somewhat lower than those obtained the method Kitzes, which 
might expected, acid hydrolysis serum not specified the 
method Peterson. 
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METHODS THE DETERMINATION 
Normal Individuals 20-60 Years Old 


4, 7-Diphenyl-1, 10-phenanthroline 
a-a'-Dipyridyl 


Case no. Acid digestion Dry ash (acid digestion) 
Females 
185 210 125 
185 205 
160 160 
200 200 110 
160 195 100 
120 130 
190 195 170 
125 140 110 
200 220 170 
135 105 
138 105 
125 105 
AVERAGE 160 
Males 
210 220 
238 240 115 
170 170 160 
230 220 200 
200 200 180 
175 190 150 
158 145 
125 
125 
216 180 
215 180 
169 115 
134 110 
AVERAGE 182 142 
Dry Ashing 


The dry ashing the serum was carried out follows: 

100° for hours until free moisture. The specimen ashed 
muffle furnace for hours 200°. The temperature then raised 
500° and maintained this temperature for about hours until 
free carbon. The ashed residue dissolved ml. distilled water, 
ml. and drop concentrated HNO; and evaporated dry- 
ness electric hot plate. The ash dissolved ml. distilled 
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water and evaporated dryness. The ash again dissolved ml. 
distilled water and evaporated dryness, and the residue transferred 
glass-stoppered test tube with ml. distilled water and ml. 
The tube placed boiling water bath for minutes and the 
determination continued described PROCEDURE. 


Acid Digestion 


Good agreement between the acid-digestion and dry-ashing proce- 
dures was obtained with the diphenyl-phenanthroline reagent (see 
Table 2). The dry-ashing procedure averaged 4.6 per cent higher than 
acid digestion. has been reported (8) that iron fraction completely 
resists extraction HCl and can only obtained total incineration 
the serum. This fraction was found these investigators (8) aver- 
age per cent the total iron. However, the incineration values 
(296 ml. [male] and 242 ml. [female]) which these in- 
vestigators obtained were considerably higher than our incineration 
values. 


Considerably lower serum iron levels were obtained with the a-a’- 
dipyridyl method (see Table 2), spite fact that acid hydrolysis 
was carried out the same manner both procedures. The normal 
range serum iron determined the 4,7-diphenyl-1 
throline method ranged the female from 120 200 ml., 
averaging 150 ml., and the male from 125 238, averaging 


AND a-a’-DIPYRIDYL SERUM METHODS 
Patients 20-70 Years Old with Various Clinical Disorders 


4,7-diphenyl-1,10 Dipyridyl 
Clinical disorder No. cases phenanthroline 
(ug. 
Anemia 
Nutritional macrocytic 138-232 125-200 
Chronic hemolytic 312 
Aplastic 313 270 
Myelofibrosis 198 160 
Undetermined etiology 60-120 37-82 
Hemochromatosis 120-238 
Cirrhosis 377 313 
Hepatitis 300 200 
Miscellaneous (Atherosclerosis, hypertension, 63-215 40-187 


subacute bacterial endocarditis, reticulum-cell 
sarcoma, chronic pancreatitis with diabetes) 
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HAND 
MECHANICAL 
EXTRACTION 
TIME 


DIGESTION TIME 


MICROGRAMS IRON 


MINUTES 


Fig. Determination the optimum digestion and extraction time required for the 
release iron from pooled sera when hydrazine sulfate used reducing agent. 


230 


210 
a 
170 
150 
130 


MINUTES 


Fig. Determination the optimum digestion and extraction time required for the 
release iron from pooled sera when thioglycolic acid used reducing agent. 
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182 ml. The a-a’-dipyridyl method averaged ml. 
lower both sexes than the method. 
Similar differences serum iron concentrations between the two methods 
were also obtained patients (Table 3). 


Determination Optimum Digestion and Extraction Time 


Data from several single and pooled serums indicated that the opti- 
mum digestion time serum was found range between and 
minutes (Fig. 4). have found that occasionally some sera require 
only minutes digestion but loss iron occurs digestion 
continued minutes these sera. were not able ob- 
tain optimum recovery serum iron digesting minutes 
90-95° with 20% trichloracetic-thioglycolic acid reagent recom- 
mended Peterson (3). Complete iron from serum can 
obtained vigorous 2-minute hand shaking approximately 
fifteen minutes with mechanical shaker. Both extraction and digestion 
times were quite critical thioglycolic acid reagent (3) was used in- 
stead hydrazine sulfate (Fig. 5). 


SUMMARY 


sensitive, reproducible method for serum iron determination has 
been developed employing extraction serum acid hydrolysate with 
alcohol and development highly colored ferrous complex 
for quantitative photometric meas- 
urement iron. 

The method gives good recoveries and also good agreement with 
the dry-ashing procedure. 

normal range ug./100 ml. (average 160) for the fe- 
male and 125-238 ml. (average 182) for the male for serum 
iron was obtained the method. 
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Urinary Estrogens Pregnancy 


Method for Their Determination Humans 


Rudolph Anker 


THE DIFFICULTIES encountered the determination 
urinary estrogens arises from the fact that procedure far developed 
capable cleaving the estrogen conjugates quantitatively without 
destroying any the free steroids (1). Reporting thorough investi- 
gation this subject Van Bruggen (2) stated: use butanol the 
solvent and hydrolyzing medium appears definite 
Following this suggestion, improved method has been developed for the 
determination estrogens the urine pregnant women. This method 
yields estrogen values 10-30 per cent higher than those obtained con- 
ventional methods. 


REAGENTS 
The n-butanol used must tested for the presence impurities 
which destroy the estrogens during hydrolysis. Reagent-grade butanol 
cannot assumed free such impurities. Butanol satisfactory 
quality was prepared refluxing butanol with Gm. 
phenylene diamine and ml. concentrated HCl for hours. The 
butanol was then distilled off current steam. 


METHODS 
Extraction 


aliquot the urine specimen, about 500 ml., acidified approx- 
imately with phosphoric acid, saturated with butanol, and placed 
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tube the tube-air lift extractor shown Fig. The butanol 
(50 ml.) added the stopper (C) placed position, the tube (D) 
being adjusted just touch the upper surface the butanol 
slow current air introduced through the right-angle tube which 
escapes via carrying with drops 
butanol. The rate flow the 
butanol regulated the screw clamp 
(F) the maximum attainable with- 
out causing emulsion form the 
upper part column Approx- 
imately twenty minutes are required 
attain per cent the equilibrium 
concentration methyl red the 
butanol phase. the case the 
estrogen conjugates minutes are 
allowed for equilibration. Finally all 
and and applying air pressure 
The butanol drawn off 
completely possible pipet. 

The urine extracted five times, 
using ml. n-butanol saturated 
with water for each extraction. The 
extracted urine discarded. The 
acidity the aqueous layer checked 
after each extraction and adjusted 
approximately adding further 
quantities phosphoric acid. Although 
occasional urine specimens form emul- 
sions involving part all the butanol 
layer unless the extractor run ex- 

Fig. Tube-air lift extractor. tremely slowly, emulsion formation can 
Tube should have diameter disregarded adjusting the flow 
approximately mm. Tube the emulsion removed and 

should have inside diameter 
more than mm. and may con- filtered the end the first extract- 
structed capillary tubing forextra ion. The aqueous layer this filtrate 
sturdiness. The section should returned the extractor, and the bu- 
least mm. wide, with section tanol layer combined with the un- 


proximately mm. emulsified butanol, any. Emulsions 
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Hyprotysis URINARY-ESTROGEN DETERMINATION 


Urine sample 


Aqueous hydrochloric acid 21.4 9.7 8.6 9.4 1.05 9.1 7.6 
Butanolic hydrochloric acid 7.55 27.9 11.3 10.5 10.4 0.91 9.9 11.4 28.0 12.3 


All values are milligrams per liter. 


will not formed subsequent extractions, because this one filtration 
removes the emulsion-stabilizing solids from the urine. 


Separation and Assay 


The combined butanol extracts are heated boiling under reflux. 
Concentrated HCl added through the condenser, amount 
equal per cent the combined solvent extract, and the refluxing 
continued for hour. After cooling, the acidified butanol brought 
approximately the slow and careful addition concentrated 
The butanol distilled off vigorous current steam, and 
supplying additional heat from burner. The volume the resulting 
aqueous solution arranged 100 per cent that the 
butanol originally present. the warm aqueous solution, toluene, 
amounts equal one tenth the volume the aqueous solution, added, 
and the contents the distilling flask are transferred quantitatively 
separatory funnel. Small particles tarry matter are dissolved few 
milliliters ethanol. The estrogens are then concentrated and assayed 
described previously (3). 


RESULTS 


The estrogen values obtained were higher than the values obtained 
the previous methods (3), with the exception Sample which was 
from patient with severe preeclampsia and very low estrogen output 
(Table 1). 


DISCUSSION AND CONCLUSIONS 


Venning (4) and Stimmel (5) have shown that the conjugated estrogens 
urines pregnant women can extracted quantitatively with four 
portions one-tenth volume butanol from urines acidified Congo 
red. This corresponds generally with our experience; but qualification 
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needs made, which applies all deductions based experiments 
with urinary estrogens—as the properties the conjugated estrogens 
vary considerably from one urine sample another, something like 
dozen urine specimens from different individuals should tested, pref- 
erably including cases with abnormalities such toxemia pregnancy, 
before given method can accepted consistently reliable. needs 
specified further that the urines extracted with butanol described 
above did not contain any estrogens determined the Allen-Kober 
test (6). have encountered one urine specimen that retained per 
cent its estrogens after four extractions with one-tenth volume 
butanol, and now use five extractions routinely. 

Van Bruggen (2) first called attention the possible advantage 
hydrolyzing the conjugated estrogens medium butanol. This 
has been confirmed. The cleavage butanol has been found com- 
plete after minutes’ boiling with acid all urines tested far, while 
complete cleavage the conjugates the same urines, aqueous 
medium, required boiling for minutes more. Also, the free steroids 
are more stable hot butanolic acid than aqueous acid, the rate 
destruction estrogens butanol being about per cent per hour 
versus per cent aqueous acid. 

Extraction with butanol and hydrolysis this solvent, therefore, seem 
quite efficient operations. The reason that they have been more 
widely adopted seems the frequent occurrence very stable 
emulsions butanol and urine which have broken 
centrifugation, time-consuming step. The need for this has now been 
eliminated the use the tube-air lift extractor. 


SUMMARY 


new method has been described for the cleavage the estrogenic 
steroid conjugates occurring the urine pregnant women. yields 
higher estrogen values than the methods which have been employed 
the past. 
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Vanadium Concentration Urine 


Rapid Colorimetric Method for Its Estimation 


COMPOUNDS are used dye, ink, and glass manufacture, 
alloy component the steel industry, and catalyst the 
production sulfuric acid. Toxic exposures have been reported the 
extraction vanadium from ores and residues and the cleaning 
burners fired with vanadium-bearing oil (6-8). The outstanding 
symptom associated with excessive inhalation vanadium compounds, 
particularly the pentavalent forms, acute irritation the respiratory 
tract, sometimes attended chemical pneumonitis (5). Irritation the 
conjunctivae and eczematous lesions the skin may also occur. Exposure 
low levels vanadium may cause metabolic disturbances evidenced 
reduction the fingernail cystine content (9). 

Talvitie and Wagner (10) have shown that urinary vanadium concen- 
trations constitute reliable index the degree absorption vana- 
dium. Although vanadium urine may determined accurately with 
the method described Talvitie (11), the need arose toxicologic 
investigations for faster screening test provide pilot information 
the absorption vanadium. For this purpose simple, colorimetric test 
for vanadium urine was devised. 

Necessary requirements for the test were (a) that only small amount 
urine consumed order conserve the bulk the sample for more 
accurate analysis, and (b) that the sensitivity sufficient detect 
minimal concentrations vanadium. These conditions were met 
basing the test the catalytic effect vanadium the oxidation 
organic chromogens potassium chlorate. Szebelledy and Ajtai (12) 
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describe several these catalytic reactions. Because its oxidized form 
has deep, magenta color easily distinguished the presence urine, 
,N-diethyl-p-phenylenediamine was selected the chromogen. 


REAGENTS 


Chlorate: Saturated solution. 

Color Reagent: solution 
(p-aminodiethylaniline) monohydrochloride (Eastman No. 1374) 
glacial acetic acid. This reagent should prepared fresh each day 
avoid high blank from air oxidation the color agent. 

Standard Vanadium Solution: One milliliter contains 100 vana- 
dium. Dissolve 0.2296 Gm. ammonium metavanadate ml. 
and dilute with distilled water. Make dilutions with 
distilled water each time needed. 


PROCEDURE 


Transfer 1-ml. portion each the urine samples tested 
into test tubes large enough contain least ml. 

Prepare control measuring ml. the urine individual 
having exposure vanadium into another test tube. 

Dilute the urine samples and control ml. with distilled water. 

Add ml. saturated potassium chlorate solution each test 
tube. 

Add ml. the color reagent each test tube, mix, and place the 
tubes into boiling water bath. 

The test tubes may observed during heating for development 
red-to-magenta color. Because vanadium-free urine also develops 
slight reddish coloration, the presence vanadium indicated color 
excess that found the control. 

After heating for minutes, cool the tubes quickly room tempera- 
ture cold water bath. Additional color develops only slowly room 
temperature and the colors are sufficiently stable allow grading the 
intensities. 

The results may quantified comparing the samples with 
simultaneously developed series standards prepared adding incre- 
ments standard vanadium solution portions vanadium-free 
urine. With 15-minute heating period, suitable color gradation 
obtained with standards containing 0.0, 0.1, 0.2, 0.4, and 1.0 ug. 
vanadium. The lower limit sensitivity 0.01 vanadium, whereas 
the colors developed vanadium excess per ml. urine 
ppm) are intense that they cannot differentiated. 
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Numerical values may assigned reading the colors pho- 
tometer wavelength 540 mu. The urine color may conveniently 
compensated reading the unknowns against duplicate samples pre- 
pared the same manner the unknowns except for the substitution 
ml. distilled water for the potassium chlorate solution. lower 
blank can obtained developing the colors room temperature 
and after hour reaction sufficient sensitivity obtained cover 
the range from vanadium per ml. urine. 


EXPERIMENTAL DATA 


The method depends upon the catalytic effect vanadium the 
oxidation potassium chlorate. 
The rate color development proportional the concentration 
vanadium, but other factors which affect reaction rates, such tempera- 
ture, pH, and reagent concentrations, must closely controlled 
other than qualitative results are desired. 


Volume Urine 


The optimum volume urine for sensitivity. was found ml. 
Smaller volumes urine tended give higher blank values, whereas 
larger volumes urine tended not only mask the color but also 
inhibit development the color. series urine: distilled-water 
dilutions 1.0:9.0, 2.5:7.5, 5.0:5.0, 7.5:2.5, and 10.0:0.0 each con- 
taining the same amount vanadium per sample) the most 
intense color was obtained with the 1.0:9.0 dilution. Also, when the 
urine from animals exposed vanadium was tested, ml. undiluted 
urine gave only amber color, while ml. diluted ml. gave 
intense magenta color. For convenience measuring, the dilution 
the test was standardized ml. urine ml. water. 


Hydrogen-ion Concentration 


The effect the color development was determined with 
series urine samples containing vanadium which only the was 
varied with acetic acid-sodium acetate buffers. The values were 
determined with Beckman Model glass electrode meter. Table 
shows that stable colors increasing intensity with decreasing develop 
the range Because the lowest blank was obtained 
2.6, the acidity was adjusted this value. was found that this 
value obtained with sufficient accuracy with the glacial acetic acid 
contained the color reagent. Because excess the acid has little 
additional influence the pH, urine specimens which sediment has 
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Photoelectric colorimeter readings*® 


= Blank Test sample 
(0.1 V/ml.) 

6.9 Colors faded grey 

5.6 Colors faded grey 

4.7 Partial fading 

3.7 135 

3.4 175 

2.6 200 

2.3 293 

2.2 445 

2.0 580 


Klett-Summerson photometer, with green filter #54. 


formed may clarified before the test acidifying slightly with acetic 
acid. 


Temperature and Tiine 


The rate which the color develops increases with temperature. 
room temperature color gradation suitable for colorimetric comparisons 
obtained with concentrations varying from yg. vanadium per 
ml. urine when the color allowed develop for minutes. 
hundredfold increase rate color development and sensitivity 
obtained the boiling temperature. The color continues intensify 
the heating time extended beyond the minutes specified the 
procedure but the sensitivity not increased materially thereby, because 
comparable increase color the control sample. 

The color developed during the heating the samples tends fade 
slightly cooling room temperature. The relative intensities remain 
unaffected, however, and color comparisons can still made hours 
after removal the samples from the water bath. photometric read- 
ings are made, the time must carefully standardized. The variations 
readings with time room temperature obtained with Klett-Sum- 
merson photoelectric colorimeter are illustrated Fig. Qualitative 
comparisons comparisons with series standards may made 
any time during the color development. 


Specificity 


Several metal ions are known have catalytic action similar that 
vanadium. Because the possibility that these ions might appear 
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borne vanadium compounds man, dogs repeatedly exposed daily for 
several months inhalation vanadium pentoxide dust the sug- 
gested threshold limit value (14) 0.5 mg. vanadium per cubic meter 
air were found have urinary excretion level about 
vanadium per ml. urine. similar response obtains man, this test 
would have sufficient sensitivity detect exposures individuals 
air-borne vanadium above the suggested threshold limit value. 


SUMMARY 


rapid, convenient test for the estimation small amounts vana- 
dium urine described. The method based the catalytic effect 
potassium chlorate. Only ml. urine required and the test sensitive 
quantities vanadium low 0.01 ug. per ml. urine. Semiquanti- 
tative analyses can made over range vanadium per ml. 
urine. The test designed for application rapid clinical analyses 
small amounts urine determine possible vanadium absorption and 
suggested for use screening test determine on-the-job exposure 
workers vanadium compounds excess the suggested threshold 
limit value. Data showing the application the test several species 
are given. 
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Quantitative Nephelometric Microdetermination 
Alpha-Globulins Serum and 
Cerebrospinal Fluid 


Abraham Saifer and Michael Zymaris 


REVIEW METHODS 


FOR THE QUANTITATIVE DETERMINATION alpha-globulins 
either blood cerebrospinal fluid fall into three general categories: 
(a) alcohol salt-fractionation technics, (b) electrophoretic analyses 
and (c) precipitation reactions with cationic detergents controlled pH. 
Salt-fractionation procedures for a-globulins using sodium sulfate pre- 
cipitation fixed concentration are those Wolfson and Cohn (1) 
and Kibrick and Blonstein (2). These clinical methods are suitable 
only for the high-protein concentrations found serum, and both 
attempt relate the chemical values those obtained electrophoret- 
ically. While consistent checks between the two procedures can ob- 
tained with normal sera, the careful experimental studies Svensson (3) 
and Majoor (4) have shown that protein fractions precipitated 
single salt concentration not correspond those determined electro- 
phoretically, especially for pathologic sera (5). The low 
low ionic strength fractionation methods Cohn, Edsall, and their 
associates (6) have been extended Lever al. (7) the small-scale 
fractionation 5-ml. plasma samples. While such procedures are not 
truly quantitative, that only about per cent total plasma protein 
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accounted for, they serve separate and 
plasma fractions which have clinical significance the study various 
diseases (8, 9). These methods are laborious and unsuited routine 
clinical work well being inapplicable for the analysis cerebrospinal 
fluid. 

Both the Tiselius moving-boundary method (10, 11) and the more 
recent paper electrophoretic technic (12, 13) have been applied the 
quantitative determination protein fractions, including a-globulins, 
serum (14, 15) and cerebrospinal fluid (16, 17). For the latter fluid, 
because its low protein content, the use the moving-boundary 
method requires the use expensive microelectrophoretic equipment 
with increased measuring sensitivity based interferometric methods 
(18). Both technics require the time-consuming step concentrating 
large volumes (about ml. cerebrospinal fluid about 0.1 ml.), 
prior the Aside from the high cost lack availability 
such equipment, neither technic lends itself readily simultaneous 
studies one patient serum and cerebrospinal fluid levels, which are 
great importance the investigation protein changes neurologic 
disorders (19). 

was mainly for its possible application cerebrospinal fluid well 
serum, that was thought desirable investigate the published 
procedure Jacox (20) for serum a-globulins. This investigator showed 
that, high serum dilutions with collidine-sodium chloride buffer (pH 
6.65), only the a-globulins reacted with the cationic detergent (Octab) 
give turbidity. Using solution Cohn’s Fraction IV-1 
globulin standard, determined photometrically with Lumetron 
colorimeter the values sera and showed that the results 
obtained compared favorably with the electrophoretic method. 


PRESENT STUDY 


The present investigation deals with the application this method 
both serum and cerebrospinal fluid which the turbidities due the 
reaction a-globulins with Octab are accurately measured means 
nephelometry, procedure greater sensitivity than colorimetry. The 
use this instrument! required number modifications the original 
Jacox (20) procedure. The modified method gave good checks for the 
a-globulin content sera comparison with the Tiselius moving- 
boundary electrophoretic procedure, and was then applied the quan- 
titative determination the a-globulin levels cerebrospinal fluids. The 
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analyses were performed directly these biologic fluids without prior 
separations and required only 0.50 ml. fluid for each determination. 


MATERIAL AND METHODS 
Reagents and Apparatus 


Collidine buffer (.05M, 6.65): (a) Prepare 0.2M solution 
pyridine (Matheson No. 5479) dissolving 2.64 ml. 
100 ml. water solution. (b) 25.0 ml. solution (a) 100 ml. 
volumetric flask, add 42.0 ml. HCl and 0.467 Gm. NaCl and dilute 
mark with distilled water and mix. The this solution should 
checked with glass electrode and adjusted within 6.65 .05 
units with HCl 0.2M collidine. 

0.1%: Dissolve 1.0 ml. Octab? ml. distilled water and 
mix. Dilute this solution 1:10 with distilled water. 

Sodium chloride, Dissolve 4.68 Gm. NaCl distilled 
water. 

a-globulin standard: The a-globulin content plus pooled 
normal human sera was determined electrophoretically means 
multiple analyses with the Tiselius moving-boundary method barbi- 
turate buffer (pH 8.6), 0.1 ionic strength. 


Procedure for the Determination a-Globulins Human Sera 
Preparation Sample 


With accurately calibrated micropipet, 0.10 ml. serum pipetted 
duplicate into tube (16 150 mm.). Then 15.0 ml. .08M NaCl 
added and the contents are mixed inversion. Two 1.0-ml. aliquots 
from each sample diluted serum (1:151) are pipetted into test tubes 
(15 100 mm.) and 8.0 ml. the collidine buffer added. 


Nephelometer Seiting 


Before proceeding with the determination, the photonephelometer 
should adjusted according the instrument instructions for null 
point readings. The nephelos standard set read the 
galvanometer scale. This increases the nephelos scale range from 
0-170 units. This standard setting has checked from time 
time during series readings correct for minor fluctuations the 
instrument. 

Octadecyl dimethyl benzyl ammonium chloride, Fairfield Laboratories, Plainfield, 
place Octab, cetyl dimethyl benzyl ammonium chloride may used 


this obtainable from Fine Inc., 211 19th New York, (personal 
communication from Dr. Jacox). 


198 SAIFER ZYMARIS Clinical Chemistry 


Determination Unknown Samples 


the unknown tube added 1.0 ml. 0.1% Octab, and the con- 
tents are mixed gentle inversion avoid air bubbles, immediately 
transferred 105-mm. cuvet, and the galvanometer deflections 
are noted. the reaction proceeds, the hairline indicator deflects the 
right and continually brought back zero means the galva- 
nometer balance knob until maximum reading obtained. 


Determination a-Globulin Serum Standard 


human serum standard, containing 1.08 Gm./100 ml. 
(a; plus determined electrophoretically, diluted and run nephelo- 
metrically, duplicate, exactly the same manner described for 
the unknown samples. 


Blank Determinations 


Since serum employed the standard and high dilutions are used, 
blank values obtained for serum without Octab, for Octab without 
serum, can neglected. exception this the case lipemic 
sera where the serum blank significantly higher than the Octab blank 
and the difference between the two should subtracted from the 
unknown nephelometric readings. 


Calculations 


Maximum nephelometric reading (unknown) 
Maximum nephelometric reading (standard) 


ml.) plus Globulins (Gm./100 ml. serum). 


Table Comparison ALPHA (a; a2) GLOBULIN RESULTS OBTAINED WITH 
NEPHELOMETRIC AND ELECTROPHORETIC METHODS FOR NORMAL AND PATHOLOGIC 
SERA, AND FOR NORMAL CEREBROSPINAL FLUID WITH NEPHELOMETRY 


Electrophoresis Nephelometry 
Mean + S.D. Range Mean + S.D. Range 
Pathologic sera 1.21 1.22 0.28 0.79-1.95 


(presumed normal) 


Mg. per 100 ml. 
Globulins/total protein 100 (%). 


} 

) 
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The a-globulin content normal and randomly selected 
pathologic sera were determined triplicate with the nephelometric 
procedure described above. The values obtained were compared with 
those found electrophoretically for the same samples with the Tiselius 
moving-boundary electrophoretic method previously described (21) 
using portable Aminco-Stern apparatus. The data obtained these 
runs, including standard deviations, are given Table 


Determination a-Globulins Cerebrospinal Fluid 


Cerebrospinal fluid, 0.5 ml., pipetted, duplicate, into 100-mm. 
tubes. each tube added 0.50 ml. 1:151 dilution the standard 
serum .08M NaCl. Then 8.0 ml. the collidine-NaCl buffer added 
and the contents are mixed. The remainder the procedure exactly 
described under Procedure for the Determination a-Globulins 
Human Sera. addition, 0.50-, 0.75-, and 1.0-ml. aliquots the diluted 
serum standard (1:151), prepared duplicate, are also run the same 
manner. 


Calculations 


Nephelometric reading (serum Nephelometric reading 
(serum; 0.5 ml.) Nephelometric reading 


Nephelometric reading (C.S.F.) 100 
Nephelometric reading (Standard Serum) 0.5 


(a; (mg/100 ml. C.S.F.). 


these calculations, the nephelometric reading corresponding the 
0.50-ml., 0.75-ml., 1.0-ml. standard value used, dependent which 
closest the unknown value, yields the most accurate results. Seven- 
teen presumed normal cerebrospinal fluids were obtained from either 
psychotic individuals from nonneurologic patients prior spinal 
anesthesia. Their a-globulin values were determined the method 
outlined and the results obtained are also given Table 


a-Globulin standard (mg.) 


RESULTS 


Effect Varying Concentrations Reagents 


According the previously published results Loomeijer (22) and 
Jacox (20), the a-globulin fraction serum reacts with cationic deter- 
gents (e.g., Octab) lower range (6.5-7.5) than any the 
other protein fractions. However, Jacox (20, 23) showed that even 
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fixed pH, the turbidimetric readings obtained were markedly influenced 
such factors changes the concentrations buffer, detergent, 
and sodium chloride solutions used. The effect these factors was re- 
investigated employing standard serum known a-globulin content 
diluted with collidine-NaCl buffer 6.65. Since our conclusions for 
this system were general the same those Jacox (20), they will 
only briefly summarized here follows: 
(a) Variation collidine-NaCl buffer from 0.025M 0.06M had 
appreciable effect the nephelometric readings. 
(b) Variation final Octab concentration from 0.005% 0.02% gave 
gradual decrease the nephelometric reading amounting about 
per cent between the lower and upper concentrations. 
(c) Variation sodium chloride concentration from 0.00 0.14M 
showed little change over the range from 0.05M 0.10M NaCl. 
The final concentrations reagents used these studies were arbi- 
trarily chosen conform those used Jacox (20, 23), since these 
correspond the optimum conditions for serum where the change 
reading least for variation the amount reagent 
used. 


Assay Protein Fractions with Nephelometric Procedure 


Jacox (20) has recommended the use Cohn’s Fraction 
standard for the turbidimetric assay serum a-globulin. This fraction, 
well other a-globulin-containing fractions (e.g., and IV-6), 


NEPHELOMETRIC READINGS 


ALPHA GLOBULINS 


Fig. readings obtained with the protein-detergent reaction 
6.65 with serum and Cohn’s protein fractions for various concentrations (mg.) total 
a-globulins. 


) 
120 
100 
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120 


NEPHELOMETRIC READINGS 


ALBUMIN 


PROTEIN-MG 


Fig. readings obtained with the protein-detergent reaction 
6.65 for various protein fractions (Cohn Method 


was investigated possible standards for the nephelometric method 
comparison with standard serum known a-globulin (electrophoretic) 
composition. 

The results obtained these runs are plotted nephelometric reading 
versus milligrams a-globulins and are shown Fig. addition, 
number other protein fractions known electrophoretic composition 
(24), obtained Cohn’s Method 6(25), were run the nephelo- 
metric procedure order determine their possible interferences with 
the a-globulin method. The protein fractions thus investigated include 
(albumin—95%), (y-globulin—99%), and (fibrinogen—67%). The 
results obtained these experiments are shown Fig. 

Since the results shown Figs. and indicated that solutions 
a-globulin-rich Fractions IV-1 and IV-6 might useful readily 
available standards place serum standard for the nephelometric 
method, this investigated using six serum samples 
known electrophoretic composition. The results obtained these runs 
are given Table 


Comparison Turbidimetric and Nephelometric Methods for Serum a-globulins 


The results obtained with the procedure described 
above were compared with those determined with the previously pub- 
lished turbidimetric procedure Jacox (20) for the same samples. The 
turbidities were read with both the Lumetron photoelectric colorimeter 
recommended Jacox (20) well with the Beckman 
D.U. spectrophotometer 440 these runs both normal serum 
known a-globulin content (1.08 Gm./100 ml.) and Fraction IV-1, 


rs, 
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Table ELECTROPHORETIC SERUM ALPHA a2) GLOBULIN VALUES 
witH OBTAINED NEPHELOMETRICALLY SERUM FRACTIONS 
IV-6 IV-1 STANDARDS 


Total a-Givobulins (Gm./100 ml. serum) 


0.94 0.99 2.90 0.99 1.22 0.98 
1.03 0.96 2.82 0.96 1.18 0.94 
0.94 0.95 2.78 0.95 1.16 0.93 
0.94 1.00 2.93 1.00 1.23 0.98 
1.75 1.65 4.96 1.68 2.03 1.62 
1.03 0.97 2.85 0.97 1.19 0.95 
Mean 1.09 3.21 1.09 1.34 1.07 


See text, Considerations, for explanation experimental factors. 


PHORETIC, NEPHELOMETRIC, AND TURBIDIMETRIC (JACOX) PRocEDURES HUMAN 
SERUM AND IV-1 STANDARDS 


Turbidimetric 


Nephelometric = 
Sample # Electrophoretic Lumetron (402 E) Beckman D. U. 
(Human serum Human serum Fraction IV-1 (Fraction IV-1 
standard) standard standard standard) 
1.10 1.10 1.08 1.92 1.54 
1.24 1.09 1.03 1.84 1.32 
1.49 1.62 1.46 2.25 2.37 
1.52 1.20 0.88 1.60 1.67 
1.35 1.55 1.24 1.92 1.92 
1.35 1.22 1,31 2.02 2.24 
1.12 1.22 1.98 1.88 
1.42 1.54 1.58 2.43 2.67 
1.02 0.95 0.72 1.28 1.45 
1.29 1.15 1.34 2.07 2.52 
1.39 1.29 1.58 2.43 2.10 


Mean S.D. 1.30 0.16 1.27 0.22 1.21 0.28 1.98 0.34 1.97 0.45 


suggested Jacox, were used standards. The results these runs 
are shown Table comparison with the electrophoretic values for 
the same sera. 


Discussion 
Nephelometric Procedure 


Nephelometric methods based the photoelectric measurement 
reflected light from white, dilute colloidal suspensions give more stoichio- 


| 
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| 
) 


Vol. No. ALPHA-GLOBULIN DETERMINATION 203 


metric relationship between concentration and readings than turbidi- 
metric procedures (26). addition, the use such instrument 
null-reading device increases the sensitivity the method two- three- 
fold (20, 27), which permits the accurate analysis smaller amounts 
substances—for instance, content cerebrospinal fluid. 

While nephelometric analysis affords the investigator increased 
order sensitivity for many determinations, the production uniform 
and stable suspensions requires careful attention such factors tem- 
perature, concentration reagents, system, presence other 
salts, etc. was means careful investigation such factors that 
Jacox (29, 23) was able devise procedure which certain protein 
fractions, such a-globulins, could quantitatively determined, the 
presence the other protein fractions serum, means their specific 
interaction with the cationic detergent (Octab). 


Accuracy 


The values obtained with the nephelometric method for the small 
series investigated are about per cent higher the average than are 
those found electrophoretically. However, the mean nephelometric 
value and standard deviation .15) checks closely with the mean 
electrophoretic a-globulin value previously reported for 140 normal 
individuals (1.14 .10 Gm./100 ml.) (19). The mean values and stand- 
ard deviations for the sera given Table show excellent 
agreement between the two methods. 

Analysis the serum protein electrophoretic data for both normal and 
pathologic sera showed that correct total values were obtained 
with the nephelometric method spite wide variations either 
and/or However, agreement with Jacox (20), 
occasional disease serum gave somewhat increased a-globulin value 
compared the electrophoretic results; for example, 1.73 com- 
pared 1.34 Gm./100 ml. Such discrepancies were found only those 
cases where the electrophoretic value was 2-3 times higher 
than the result and was always accompanied elevated 
level. From clinical viewpoint, this not serious error 
the electrophoretic total a-globulin values were above normal (1.20 
Gm./100 ml.) every case this kind thus far encountered. 


Effect Lipoprotein and 


The discrepancies discussed above furnish experimental proof that 
while the reaction a-globulins with Octab, under the stated conditions, 
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rather specific, can the presence increased amounts 
other protein fractions well changes within the a-globulin 
fraction itself. view the fact that contain large pro- 
portion lipoprotein substances (31), which are mainly concentrated 
Cohn’s Fraction was believed desirable study the detergent 
interaction this, well other a-globulin-containing fractions, with 
the nephelometric procedure. Such studies, comparison with human 
serum, were especial importance because Jacox’s recommended 
use this fraction standard for his turbidimetric procedure. 

The data obtained these runs, expressed total a-globulin con- 
centration versus nephelometric readings, are shown graphically 
Fig. The results indicate that the amount turbidity produced per 
unit a-globulin concentration varies markedly for each fraction tested 
but greatest for serum itself. For Cohn’s fractions, the greatest amount 
turbidity given Fraction IV-6, which better than 95% electro- 
phoretically-pure globulins whereas the IV-1 fraction which contains 
per cent plus per cent (electrophoretically) 
only about one third reactive. Fraction IV-4, which contains only 
per cent globulins and per cent globulins but per cent 
globulins gives nephelometric values approximately equal those 
Fraction IV-1, the lipoprotein-rich fractions. These findings would imply 
that the a-lipoproteins are not reactive are the 
and that the turbidities obtained for the isolated a-globulin-rich fractions 
may influenced the presence other proteins—e.g., globulins— 
such exist serum. 

corollary these experiments, number Cohn’s other protein 
fractions—Fraction (albumin—95%), Fraction (y-globulin—99%) 
and Fraction (fibrinogen—67%)—were run with the procedure 
described for the a-globulins. The nephelometric values obtained 
these runs are plotted Fig. against the protein content (Kjeldahl) 
each major fraction milligrams. The data indicate that neither 
albumin nor y-globulin react with Octab amounts greatly excess 
those usually found pathologic sera. Fibrinogen (Fraction I), however, 
does react considerable extent even when due allowance made 
for the approximately per cent was done drawing 
the curve shown Fig. has been assumed evaluating the re- 
activity the various Cohn protein fractions that addition albumin 
and nonlipoprotein-containing fractions not 
affect the reaction with a-globulins. Some evidence for this provided 
the fact that Fraction which almost electrophoretically 
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pure low molecular weight, does not react with Octab 
under the specified conditions. 


Technical Considerations 


The experimental data shown Figs. and lead the following 

tentative conclusions: Firstly, that the fractions separated 
with Cohn’s Method 6(25) consist mixtures different proteins having 
similar electrophoretic mobilities measured with the Tiselius ap- 
paratus. Some evidence for this provided the presence easily 
denatured, high molecular weight a-lipoproteins (31) some fractions, 
e.g., which are not present others, e.g., [V-4. Additional experi- 
mental evidence indicating the presence number different a-glob- 
ulins human serum provided the work Grabar and Williams 
(32, 33) who employed combination electrophoretic and agar gel 
diffusion technics show the presence a-globulin fractions. 
Secondly, that the basis known a-globulin content, the greatest 
nephelometric values are obtained for serum. This, itself, provides 
sufficient justification for its use standard place Cohn’s protein 
Fraction IV-1 previously recommended Jacox (20). seen 
from the data Table except when serum standard used, the 
nephelometric and electrophoretic results differ constant experi- 
mental factor. Therefore, solutions Cohn’s Fraction IV-1 and IV-6 
may used standards such factor first obtained from the 
electrophoretic data. For this purpose, Fraction IV-6 has been found 
the closest serum with respect its reactivity with the detergent 
(Octab). attempt was made use Fraction standard since 
the results obtained varied with time contact this fraction with the 
collidine-NaCl buffer. 
MEASURING Jacox (20) has emphasized that the 
Lumetron Model 402-E colorimeter with filter 440 gave the steepest 
slope terms a-globulin concentration increments compared 
number other photoelectric colorimeters tested. our data Table 
show, essentially the same values were obtained for our samples whether 
this instrument the Beckman D.U. spectrophotometer was used. 
Table also demonstrates that human serum standard known 
a-globulin content gives the best checks with the electrophoretic values 
for the turbidimetric well for the nephelometric procedure. 

should, however, emphasized that while the 
detergent interaction being measured, the nature turbidity measure- 
ments made with photoelectric colorimeters, spectrophotometers, 
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inherently different from those performed nephelometrically. The process 
protein-detergent interaction consists agglutination the units 
the soluble complex which the presence salt results the forma- 
tion increasing number small light-scattering particles until 
maximum reached. This followed decrease the number 
particles due increase their size. The decrease transmitted 
light intensity, measured photoelectrically, resultant both the 
blue light absorbed and reflected from the growing colloidal suspension 
such manner that the percentage transmission decreases con- 
tinuously with time until plateau reached after about 20-30 minutes 
standing room temperature. the other hand, the nephelometer 
measures the light reflected 90° the incident beam, and this phe- 
nomenon influenced great extent the relative size and shape 
the particles well their actual number, shown Fig. 
The time which the maximum reached decreases markedly with 
increasing concentration and high concentrations occurs rapidly 


e Maximum reading for a given 
alpha globulin concentration. 


NEPHELOMETRIC READINGS 


90 SERUM ALPHA 
GLOBULINS 
80 0.123 mg 
0103 
0082 
0.052 
40 0.041 mg 
0.026 mg 


120 160 200 240 280 
TIME 


Fig. Changes the nephelometric values with time for various concentrations 
serum a-globulins (mg.). Note the marked increase reading time with decreasing 
concentration. 
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make accurate detection the end point difficult. 1.0-ml. aliquot 
1:151 dilution serum provides the best concentration for obtaining 
accurate, yet not unduly prolonged, end-point reading times ap- 
proximately minute per determination. should emphasized that 
only the maximum nephelometric readings give stoichiometric relation- 
ship with a-globulin concentration, illustrated the data Figs. 
and 


Application Cerebrospinal Fluid 


Such data are not only importance obtaining reproducible and 
stoichiometric results for the a-globulin content serum with the 
nephelometric method, but are even greater importance when the 
procedure being applied the cerebrospinal fluid. Here was found 
that stoichiometric relationship between the volume cerebrospinal 
fluid used and the nephelometric readings was not obtained unless serum 
was added the system. This innovation had the additional advantage 
permitting the use smaller aliquots cerebrospinal fluid—0.5 ml.— 
yet bringing the nephelometric readings into range which gives the 
most accurate results. 

Analysis presumably normal cerebrospinal fluids (see Table 
with this method gave mean total a-globulin value 8.56 1.24 
mg./100 ml. and 18.20 2.1% for the a-globulin/total protein ratio. 
These ratio values appear somewhat higher than those previously 
reported other investigators, including Kabat and associates (16), 
who employed the moving-boundary method, and Schneider and Wal- 
lenius (17), Biicher al. (34) and Roboz al. (35), who employed 
filter-paper electrophoresis. However, should noted that investiga- 
tors such Schied and Schied (36) and Kabat al. (16), who employed 
ultrafiltration through membranes the for concentrating their 
protein samples, reported the complete absence a-globulins many 
their fluids. Such findings are disagreement with those later 
investigators using substances high molecular weight (Dextran, 
P.V.P., remove water from dilute protein solutions contained 
cellophane bags (17, 37). 

The workers (34, 35) who concentrated the cerebrospinal- 
fluid proteins means prior precipitation with cold acetone followed 
dissolution the precipitate minimum volumes solution show 
even greater discrepancies from earlier ones. With these newer concentra- 
tion technics substantial amounts a-globulins were found all cerebro- 
spinal fluid samples including normals. Values obtained with the mem- 
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brane-dehydration methods average about 9.8% (17) compared with 
15.4% and 17.1% (85), respectively, for the precipitation technics. 
evident that the latter values check more closely with those reported 
this study with the direct nephelometric procedures—18.2 2.2%. 

discussed Biicher al. (34), one reason for these marked differ- 
ences reported results due the known lability the a-globulin 
fraction, and especially its portion, which readily altered 
even under the mildest conditions. Though there evidence that the 
lipoproteins may travel entirely different rate than the correspond- 
ing globulins when conditions are altered, experimental evidence 
support the former viewpoint provided the studies Ewerbeck 
who showed per cent loss this fraction concentrating 
diluted serum known electrophoretic composition. Additional evidence 
the ease with which this fraction lost provided work Moore 
al. (39), while more recent work the concentration gonadotrophins 
from urine ultrafiltration (40) through collodion filters shows losses 
10-90 per cent this protein membrane adsorption. 

can concluded from the aforementioned experimental data that 
the most important consideration for obtaining accurate cerebrospinal 
fluid a-globulin values avoid losses due concentrating dilute 
protein solutions. would then expected that direct analysis this 
fluid would give the somewhat higher results obtained with the detergent- 
nephelometric procedure. Based the interaction fibrinogen with 
Octab (Fig. under the same experimental conditions for a-globulins, 
the possibility still exists that the 1-3 per cent higher results are due 
traces this component too small detected through its clotting 
properties (40). However, Kabat al. (16) have shown that this fraction 
usually present only cerebrospinal fluids with total proteins greater 
than 100 mg./100 ml. and that even these fluids remains 
about per cent the total protein. addition, the presence this 
fraction has not been reported investigators employing paper electro- 
phoretic technics (17, 34, 35, 37), even pathologic cerebrospinal fluids, 
although the presence new fraction (7) which moves closer the 
than the y-globulins has been reported Biicher al. 
(34). This problem, well the development complete system 
direct chemical cerebrospinal-fluid protein-fraction analysis presently 
under investigation. 


DISCUSSION 


Synthetic detergents may classified nonionic, anionic, and 
cationic, according the sign the charge the hydrocarbon (hydro- 
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phobic) group after dissociation the ionic (hydrophilic) group 
solution. Only ionic detergents have been found precipitate proteins 
from soultion and then region where the protein carries charge 
opposite sign that the detergent. the case mixtures 
essential that the reaction carried out buffered region where 
its solubility minimal and where there the least likelihood con- 
tamination from other protein fractions present. This essentially the 
experimental situation described this paper concerns the interaction 
the serum a-globulins, which carry negative charge 6.65, 
the positively charged cationic detergent, Octab. 


Factors Protein-Detergent Interaction 


previously mentioned, the quantitative aspects protein-detergent 
interactions are not only governed the the medium and the 
corresponding sign and magnitude charge the reactants, but also 
such factors the protein/detergent weight ratio, the temperature, 
and the ionic strength (or salt content) the solution (41). The character 
the hydrocarbon chain the cationic detergent employed the 
reaction also some importance, Jacox (20) found that greater 
turbidity per unit protein obtained for dimethyl-benzyl-sub- 
stituted chain than for trimethyl- ethyl-substituted 
one. The degree turbidity also function the chain length, being 
greatest for about was such information which led Putnam 
(42) suggest that although protein-detergent combination may involve 
primarily electrostatic forces, the complex stabilized factors 
specific affinity (Van der Waals forces) between the nonpolar groups 
the bound detergent ions. 


Protein/Detergent Ratio 


their studies the precipitation horse serum albumin 
4.5 with the anionic detergent, sodium dodecyl sulfate, Putnam and 
Neurath (41) reported optimal range protein/detergent weight 
ratio which 100% the protein precipitated, and outside this range 
there was incomplete precipitation. They also found that the width 
the range which 100% precipitation occurs varies directly with 
the protein concentration. This means that the protein/detergent ratio 
becomes less critical factor higher protein concentrations. 

the present study, slight decline—about per cent—was ob- 
served the readings with fourfold increase the 
protein/detergent ratio. This would imply that while under the given 
experimental conditions the a-globulins form insoluble complexes with 
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Octab, some the detergent may also bound the other serum 
protein fractions the form soluble complexes. This phenomenon 
would then serve explain the experimental fact that variation the 
ratio minor importance for serum determinations 
where stoichiometric results are obtained over wide range a-globulin 
values, but has greater significance the case cerebrospinal fluids 
where low combining ratios may result lack stoichiometry. the 
latter case was found that the proper protein/detergent combining 
ratio, and consequently stoichiometric results, could readily achieved 
means the addition serum standard known a-globulin content 
the unknown cerebrospinal fluid sample prior performing the 
nephelometric determination. 


Temperature 


Putnam and Neurath (41) have studied the effect temperature 
protein /detergent interactions and have found little change the region 
maximal precipitation. While this factor was not checked experi- 
mentally this paper, significant changes were noted the serum 
a-globulin standard values over considerable range room tempera- 
ture during the past year. 


Noninterference Albumin 


rather surprising finding which warrants additional comment the 
inability albumin, which carries large negative charge 6.65, 
form insoluble complexes with the positively charged detergent 
(Octab). recent review article, Klotz (44) states that among ions 
equal size organic cations are bound much less than anions serum 
albumin and that this may indicate that the chains proteins 
are blocked, perhaps interaction with -OH groups from hydroxy 
amino acid residues. any rate, pointed out Glassman (45) and 
subsequently Jacox (20), albumin must substantial negative 
charge before precipitation with cationic detergent occurs. this 
unique property albumin that makes the sensitive Octab reaction 
relatively specific for a-globulins, both serum and cerebrospinal 
fluid, with little interference from the other protein fractions present. 


lonic Strength 


Another important experimental factor which aids the specificity 
the cationic detergent (Octab) reaction for a-globulins the effect 
salt concentration (or the ionic strength) the system. agreement 
with Jacox (20, 23), was found that little precipitation the 
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complex occurs the absence salt and that with increasing salt con- 
centration the nephelometric readings approach asymptotic value. 
Since, except for albumin, the a-globulins carry the largest negative 
charge, the electrostatic bonds formed with Octab should result the 
most electrically neutral stable complex. The addition salt would then 
provide ionic atmosphere opposite charge and sufficient strength 
reduce any excess charge the complex point where agglutina- 
tion and precipitation the charged particles can take place. Other 
soluble protein-detergent complexes carrying larger charges will not 
have their charges readily neutralized salt concentration and will 
remain solution. This analogous the reaction mechanism which 
turbidities precipitates certain protein fractions evolve protein 
flocculation reactions (46). The aforegoing discussion was confined 
those aspects protein-detergent interaction which have some bearing 
our experimental results. Excellent review articles dealing with the 
mechanism these reactions, their effects biological systems, 
have been published Putnam (41-43). 


Clinical Applications and Significance Quantitative a-Globulin Determination 


Quantitative changes the a-globulin protein fractions, either 
serum cerebrospinal fluid, are general nonspecific that they occur 
many different clinical conditions. They may, however, some 
value either establishing the presence active disease process 
helping rule out confirm one several clinical diagnoses. In- 
creases serum a-globulin levels, usually associated with decreased 
albumin values, have been found such diseases nephrosis, cirrhosis, 
pneumonia, acute rheumatic fever, typhus, etc. and generally con- 
ditions involving fevers considerable inflammation tissue destruc- 
tion, e.g., carcinomas (47). Other recent review articles 
which give data pertaining disease states where abnormal 
globulin values have been reported are those Leutscher (48), Ardry 
(49), Flynn (50), and Fisher (15). 

Articles dealing with the quantitative analysis the cerebrospinal- 
fluid protein fractions both normal and pathologic fluids are assuming 
increasing importance the literature (16, 17, 34-38). While the a-glob- 
ulin values obtained most investigators must accepted with some 
caution because possible losses during the concentration step, the 
errors involved would tend lower the results obtained. Therefore, the 
increased cerebrospinal fluid a-globulin values found such diseases 
meningitis, syphilis, mumps, tuberculosis, poliomyelitis, (51), 
would even higher with our procedure than those reported other 
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investigators. The extension the nephelometric procedure the 
quantitative analysis the a-globulin content cerebrospinal fluid 
from patients with wide variety disorders presently under in- 
vestigation. Special attention being directed toward the investigation 
protein changes diseases the central nervous system, since, 
previously mentioned, synthesis proteins may occur the meningeal 
space such conditions without corresponding increases the serum 
proteins (16, 52). Preliminary data obtained such studies indicate 
that significant elevations the cerebrospinal fluid a-globulins, and 

the y-globulins well (19, 53), occurs such neurologic conditions 
multiple sclerosis, hemiplegias, and the like. 


SUMMARY 


micronephelometric method presented for the quantitative 
determination total a-globulins both serum and cerebrospinal 
fluid. The method based the relatively specific interaction this 
protein fraction with the cationic detergent, Octab, 6.65 colli- 
dine-NaCl (.08M) buffer. 

The various Cohn’s protein fractions (Method (25) were investi- 
gated with the nephelometric procedure. comparison with normal 
serum, Fractions IV-6, and IV-4, respectively showed the greatest 
detergent reactivity per milligram 

The variations such factors the concentrations reagents, 
protein/detergent ratio, and salt concentration were reinvestigated. 

Analysis normal and pathologic sera gave excellent checks 
with the total a-globulin values obtained with the Tiselius electrophoretic 
method. 

Application the procedure the analysis the a-globulin 
content cerebrospinal fluid required the addition standard serum 
0.5-ml. aliquots spinal fluid for stoichiometric results. 
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Porphobilinogen and levulinic acid acute porphyria. 
Granick and Vanden Schrieck (Rockefeller Institute Medical Research, 
New York, Y.) 


The porphobilinogen excreted the urine patient with high excretion was 
determined with Ehrlich’s reagent 80-100 mg./day. Delta-amino levulinic 
acid, which has not been reported previously the urine acute porphyria 
patients, was present amounts about mg./day. For its determination 
porphobilinogen was removed from the urine passage through column 
Dowex-2 resin the acetate. The levulinic acid was adsorbed from 
the eluate Dowex-50 resin the chloride. was eluted with 0.5M 
phosphate buffer, 7.0, and coupled with acetyl acetone 4.6 heating 
the mixture boiling water bath for minutes. pyrrole compound formed 
which gave color with equal volume Ehrlich’s reagent. This color was read 
555 minutes after mixing. This compound apparently produced 
symptoms when injected into rat but was converted porphyrins. was also 
converted porphyrins suspension guinea-pig-liver cells. acute por- 
phyria there block metabolic step above the formation porphobilinogen 
the liver, the data from this case indicate that the normal human liver may 
synthesize more than 100 mg. heme day, which may converted bile 
pigment.—Proc. Soc. Exp. Biol. Med. 88, 270 (1955). (M. K.) 


Xanthurenic acid excretion studies diabetics with and without re- 
Friedenwald Hopkins Hospital and University, Baltimore, Md.) 


Diabetic and nondiabetic subjects were given oral test dose Gm. 
dl-tryptophane, and the xanthurenic acid excreted the urine collected dur- 
ing the following hours was determined the method Wachstein and 
Gudaitis [Am. Clin. Pathol. 22, 652 (1952)]. The mean excretion non- 
diabetics was 9.76 mg., diabetics without retinopathy 25.02 mg., and 
diabetics with retinopathy 38.22 mg. The difference between the two groups 
diabetics was not statistically significant. the subjects with the highest 
excretions, injections 300 mg. pyridoxine caused marked drop xan- 
thurenic acid excretion.—Proc. Soc. Exp. Biol. Med. 88, 321 (1955). 

(M. K.) 
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Plasma glutamine and oxypurine content patients with gout. Segal 


and Wyngaarden (National Institutes Health, Bethesda, Md.) 


Plasma glutamine levels were determined normal and gouty subjects 
means specific enzymatic hydrolysis and also after acid hydrolysis fol- 
lowed measurement the nitrogen liberated. Uric acid and oxypurines were 
also estimated. differences were observed between the two groups their 
plasma glutamine content, and the plasma oxypurine was definitely elevated 
only gouty subject. This study failed confirm previous reports low levels 
glutamine and markedly high levels oxypurines the plasma patients 
with gout.—Proc. Soc. Exp. Biol. Med. 88, 342 (1955). (M. K.) 


Ammonia levels blood and cerebrospinal fluid. McDermott, Jr., 
Adams, and Riddell (Harvard Medical School and Massachusetts 
General Hospital, Boston, Mass.) 


Simultaneous determinations were made the ammonia peripheral blood 
and cerebrospinal fluid modification the microdiffusion technic 
Conway [J. Clin. Invest. 33, (1954)]. patients undergoing surgery who 
had liver disease and who had blood ammonia-nitrogen levels 
ug./100 ml., there was appreciable ammonia the cerebrospinal fluid. 
patients with liver diseases under similar conditions there was linear re- 
lationship between the blood and spinal fluid ammonia values, with the latter 
figures always somewhat lower. Five cases with spinal fluid values above 105 
ug./100 ml. had disturbances the central nervous Soc. Exp. 
Biol. Med. 88, 380 (1955). (M. K.) 


rapid procedure for the determination lead blood urine the 
presence organic chelating compounds. Bessman and Layne, 
Jr. (Children’s Hospital, Washington, C.) 


The present method, modification the dithizone-colorimetric method 
Eng. Chem., Anal. Ed. 14, 904 (1942)], designed shorten the time required 
for analysis, lessen thé danger contamination, and diminish the large 
quantity blood urine usually required for analysis. 

The digestion and extraction are carried out single glass-stoppered diges- 
tion tube (diagram given) that quantitative transfers the test solutions 
any point before the excess dithizone has been removed are eliminated. Resin 
deionized water eliminates the need for glass distillation apparatus. 

Only ml. blood ml. urine are required for analysis. Twelve de- 
terminations blood from patients with history exposure lead gave 
diamine levels equivalent 500 mg./100 ml. urine and 2500 
mg./100 ml. blood does not Lab. Clin. Med. 45, 159 (1955). 

(G. D.) 
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The direct microdetermination calcium the urine nephelometry. 
Medicine, Chicago, 


micromethod for the direct nephelometric determination calcium urine 
described which calcium estimated stabilized colloidal suspension 
the oleate ammoniacal solution. The method comparable precision those 
involving ashing and oxalate precipitation and requires maximum 0.1 ml. 
urine. 

Complete solution insoluble calcium salts insured shaking the total 
urine sample with HCl ml. cone. ml. urine). small portion 
the sample filtered and 0.1 ml. the filtered specimen added 4.5 ml. 
Duponol-oleate reagent, and the solution thoroughly mixed. One-half hour 
later the sample read against reagent blank. Standards containing ug. 
are similarly treated. The nephelometer used null point instru- 
ment. 

The following reagents are required: 

Potassium oleate: 16.5 ml. oleic acid are shaken with ml. water 
containing 3.2 Gm. KOH. The emulsion transferred flask with 100 ml. 
70% alcohol, refluxed hour, and diluted 500 ml. with water. 

Sodium lauryl sulfate: 10% aqueous solution Duponol. 

Duponol-oleate reagent: parts potassium oleate reagent are mixed 
with parts 10% Duponol. 

The solution stable but must cleared Lab. Clin. Med. 
45, 653 (1955). (G. D.) 


comparison three methods, utilizing different principles, for the 
determination uric acid biological fluids. Lous and Sylvest 
(Sundby Hospital, Copenhagen, Denmark) 


The authors determined the uric acid concentration 200 samples serum 
different procedures—the colorimetric method Folin Biol. Chem. 13, 469 
(1912/13)], the titrimetric method Brgchner-Mortensen (Acta med. scandinav., 
Supp. 84, 1937) and the uricase method Praetorious [Scand. Clin. Lab. 
Invest. 222 (1949)]. 

correlation between the results could demonstrated. most instances 
the colorimetric procedure gave lower result and the titrimetric procedure 
higher result than that obtained with the uricase method. Since the uricase 
method specific for uric acid while the other procedures are not, 
mended that the uricase method used. Its only objection that requires 
rather expensive instrument, since the absorption measured the ultra- 
violet range.—Scand. Clin. Lab. Invest. (1954). (E. V.) 


Glucose and acetone sources error plasma de- 
terminations. Haugen Hospital, Oslo, Norway) 


diabetics with elevated blood sugar levels and ketonemia very high plasma 
levels are found the Jaffe creatinine procedure, even when the 
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color read minutes after the addition the reagents. the color not read 
until minutes after the addition the reagents, the increase even more 
marked. The falsely elevated values are due high glucose and acetone levels 
and perhaps other substances such ketone bodies. Most these ‘‘pseudo- 
creatinine” compounds can removed with Lloyd’s reagent.—Scand. Lab. 
Clin. Invest. (1954). (E. V.) 


The estimation Evans blue plasma. Bedwell, Patterson, and 
Swale (Charing Cross Hospital and Charing Cross Hospital Medical School, 
London, England) 


Evans blue isolated from plasma chromatography, using mg. amor- 
phous cellulose for the adsorption the dye. The dye then eluted from the 
column with acetone. funnel heater jacket surrounds the column and the ad- 
sorption and elution are carried out temperature 45° obtain complete 
recovery the dye. 

With this method errors due hemolyzed lipemic plasma are eliminated. 
ml. sample plasma used and the entire procedure takes about hour 
Clin. Pathol. (1955). (E. V.) 


Adrenocortical activity the preoperative period. Franksson and 
Gemzell (Karolinska Hospital, Stockholm, Sweden). 


The adrenocortical activity surgical patients the preoperative period 
was evaluated the determination 17-hydroxycorticosteroid levels 
peripheral blood. Twenty-six the patients showed increase the con- 
centration plasma steroids. suggested that this due psychic tension.— 
Clin. Endocrinol. and Metabolism 15, 1069 (1955). (M. R.) 


Clinical application the simplified Silber-Porter method for deter- 
mining plasma 17-hydroxycorticosteroids. Wallace, Christy, 
and Jailer (College Physicians and Surgeons, Columbia University, New 
York, Y.). 


The Silber-Porter technic Biol. Chem. 210, 923 (1954)] was modified slightly 
for the measurement plasma ,21-dihydroxy-20-ketosteroids. The range 
values normal subjects was per 100 ml. plasma, with 
average 6.9 Normal plasma levels were observed most patients 
with disease and those with disorders glands other than 
the adrenal cortex. Elevated values were found diabetic acidosis, patients 
with renal disease, and moribund patients, none whom showed hyper- 
adrenalism. Patients with renal insufficiency had normal elevated plasma 
corticoid levels, contrast the abnormally low urinary 17-ketosteroid and 
corticoid values sometimes seen. 

The method was especially useful the diagnosis hyperadrenalism; cases 
Cushing’s syndrome showed range 107 per 100 ml. Low values 
were found primary adrenal insufficiency and hypoadrenalism secondary 
pituitary Clin. Endocrinol. and Metabolism 15, 1073 (1955). 

(M. R.) 
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simplified dye method for estimating plasma volume. Frank and 


Carr (University Kansas School Medicine, Kansas City, Mo.). 


simplified method for estimating plasma volume with Evans blue dye pre- 
sented. The procedure performed aliquots diluted dye, eliminating en- 
tirely the need determine absolute amounts dye. Problems due differing 
optical densities T-1824 different solvents are eliminated preparing all 
samples solvent constant composition, using the patient’s own serum. 
recognizable hemolysis present any sample, correction made 
reading the optical density 540 well 620 and applying cor- 
rection Lab. Clin. Med. 45, 977 (1955). (G. D.) 


method for the determination acetone expired air—with special 
reference diabetic ketosis. Dybkaer and Sylvest (Sundby Hospital 
and Gamles By, Copenhagen, Denmark) 


Expired air bubbled for 1-2 minutes through ml. 0.2 
hydrazine HCl. The acetone-dinitrophenylhydrazine thus developed 
extracted with ml. carbon tetrachloride. Yellow coloring the latter indi- 
cates acetone. The method sensitive mg. acetone. Expired 
air from normal individuals gives positive reaction. The only compound which 
may confused with acetone acetaldehyde which found the expired air 
from patients after ingestion alcohol. 

The procedure more sensitive than procedures for the determination 
ketones urine and particularly advantageous cases diabetic coma.— 
Scand. Clin. Lab. Invest. 311 (1954). (E. V.) 


Depression serum alkaline phosphatase activity human serum 
chusetts General Hospital and Harvard Medical School, Boston, Mass.) 


Experiments performed vitro show that human albumin high concentration 
can cause reduction serum alkaline phosphatase activity. vivo experi- 
ments show that with daily dosages Gm. albumin the alkaline phos- 
phatase activity may reduced much per cent. Indications are that 
slightly elevated serum alkaline phosphatase levels may sometimes explained 
the basis hypoalbuminemia Biol. Chem. 213, (1955). 

(J. A.) 


The determination total lipids blood serum. Sperry and 
Brand (New York State Psychiatric Institute and College Physicians and 
Surgeons, Columbia University, New York, Y.) 


Total lipids are extracted with boiling alcohol and chloroform. The ex- 
tract purified water diffusion procedure requiring meticulous technic. 
Methanol added and the mixture evaporated dryness vacuo at- 
mosphere nitrogen. The residue redissolved, filtered, dried and weighed. 
Recoveries and comparisons with other accepted methods were within per 
cent.—J. ol. Chem. 213, (1955). (J. A.) 
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The application the ceric sulphate-arsenious acid reaction the de- 
tection thyroxine and related substances. Bowden, MacLagan 
and Wilkinson (Westminster Medical School, London, England) 


Inorganic and organic iodine-containing compounds were detected solution 
and paper chromatograms using the ceric sulphate-arsenious acid reaction. 
little 0.01 potassium iodide and 0.1 ug. thyroxine are detectable 
upon chromatograms but times these amounts are necessary for detection 
solution.—Biochem. 59, (1955). (A. K.) 


modified Conway unit for microdiffusion analysis. Obrink (Uni- 
versity Uppsala, Sweden) 


The ordinary Conway unit has been modified the addition peripheral 
chamber, filled with the same liquid the outer diffusion chamber (except 
the fluid analyzed). inverted Petri dish dipped into this chamber forms 
liquid trap. This eliminates the use fixative for sealing the 
134 (1955). (A. K.) 


atypical electrophoretic peak serum patients with familial 
primary systemic amyloidosis. Block, Rukavina, and 
Curtis (University Michigan, Ann Arbor, Mich.). 


Data are presented from moving-boundary electrophoretic analyses the sera 
from members family with primary systemic amyloidosis. The values for 
total protein were normal with tendency for the albumin somewhat low 
and the globulin slightly elevated. The and y-globulins were normal, with 
slightly decreased However, all the patients abnormal peak 
was seen between the and which has been designated 
Soc. Exp. Biol. Med. 89, 175 (1955). (M. K.) 


Jetton, and Durrum (Army Medical Service Graduate School, Washing- 
ton, 


The quantity bromophenol blue dye bound denatured proteins filter 
paper dependent the time heat denaturation the protein, the time 
staining, and the amount rinsing. These times vary with different proteins. 
Bromophenol blue paper does not follow Beer’s law when directly scanned. 
When normal serum stained under the conditions described, the deviation 
requires correction for only the densely stained albumin fraction. staining 
procedure described which gives linear relationship between protein and dye 
concentration.—Biochem. 60, 205 (1955). (A. 


Preliminary investigations into the nature neutral 17-ketosteroids 
human plasma. Clayton, Bongiovanni, and Papadatos 
(Johns Hopkins University Medical School, Baltimore, Md.). 


pool 950 ml. plasma from healthy adult males was examined for neutral 
17-ketosteroid content. The ketosteroids were extracted with ether-ethanol and 
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the conjugates hydrolyzed and purified various solvent partitions and Girard 
separation. The crude neutral fraction was chromatographed alumina. De- 
hydroepiandrosterone (65 per cent the total neutral ketonic fraction) and 
androsterone (11 per cent the total neutral ketonic fraction) were identified. 
Trace amounts unidentified 17-ketosteroids were found. possible explana- 
tion that greater proportion dehydroepiandrosterone found the 
plasma since firmly bound the protein and less easily excreted. Small 
amounts highly polar Zimmermann-reacting material probably represent 11- 
oxygenated 17-ketosteroids Clin. Endocrinol. and Metabolism 
15, 693 (1955). (M. R.) 


Determination uric acid serum carbonate method. Cara- 
way (Rhode Island Hospital, Providence, I.). 


simple reproducible method described for the determination uric acid 
serum. Two stable reagents, sodium carbonate and dilute phosphotungstic 
acid, are added protein-free tungstic acid filtrate serum develop 
color which measured photometrically. cyanide used. replicate analy- 
ses the reproducibility the carbonate method was found much superior 
that the cyanide method. 

Serum proteins are precipitated adding 9.0 ml. precipitating reagent 
1.0 ml. serum. After centrifugation filtration, 5.0 ml. clear filtrate are 
transferred test tube. blank tube prepared substituting 5.0 ml. 
water for the filtrate. each tube added ml. 10% sodium carbonate, 
and the solutions are mixed swirling, after which ml. dilute phospho- 
tungstic acid added each tube and the solutions are mixed once. The 
optical density determined minutes later wavelength 700 mu. 
The concentration uric acid obtained from calibration curve. Recoveries 
uric acid added serum varied from per cent. 

The reagents are prepared follows: 

Stock phosphotungstic acid: Dissolve 100 Gm. molybdate-free sodium 
tungstate 800 ml. water Florence flask. Add ml. phosphoric 
acid. Reflux gently for hours. Cool and dilute with water. Stable in- 
definitely dark bottle. 

Dilute phosphotungstic acid: Dilute ml. stock 100 ml. with water. 
Stable when stored brown bottle. 

10% sodium carbonate. 

Stock uric acid standard, 0.2 mg./ml.: Transfer 100 mg. pure uric acid 
500-ml. volumetric flask. Dissolve separately 2.30 Gm. anhydrous 
300 ml. warm water, transfer the volumetric flask and mix until the 
uric acid completely dissolved. Cool and add 0.9 ml. glacial acetic acid. 
Dilute volume with water. 

Uric acid working standards: Aliquots the stock standard are prepared 
provide solutions covering the range 0.1 1.6 mg. uric acid/100 ml. These 
solutions are prepared fresh the day used.—Am. Clin. Pathol. 25, 840 
(1955) (H. T.) 
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clinical method for determination plasma galactose tolerance 
tests. Tygstrup, Winkler, Lund, and Engell (University Medical 
Clinic Rigshospitalet, Copenhagen, Denmark) 


method described for determining galactose plasma. Glucose fermented 
with specific glucose oxidase, Notatin, which improvement over the use 
yeast. Proteins are precipitated with ferric sulfate and barium carbonate 
Chem. 98, 289 (1932)]. The nonfermentable reducing substance 
determined colorimetrically using Somogyi’s modified copper reagent [J. Biol. 
Chem. 195, and Nelson’s arsenic reagent Biol. Chem. 153, 375 
The standard deviation the method was found about mg./100 
ml. concentrations 100 mg./100 ml. Lab. Clin. 
Invest. (1954). (E. V.) 


Martin, and Neill University and Royal Victoria Hospital, Bel- 
fast, Ireland). 


the course routine estimations plasma inorganic phosphorus, 

found that the heparin used was heavily contaminated with phosphors and 

was responsible for erroneously high Clin. Pathol. 247 (1955). 
(E. V.) 


Colour production and stability the Folin and method blood 
glucose estimation. Dische (Royal Air Force Institute Pathology and 
Tropical Medicine, Halton, Aylesbury, Buckinghamshire, England.) 


new modification the original Folin and method described which 
eliminates the fading the final color and also simplifies the technic. phospho- 
working reagent prepared mixing 150 ml. the reagent Folin 
and Biol. Chem. 41, 367 with ml. phosphoric acid and 325 
ml. distilled water. After the customary heating with alkaline copper reagent 
for minutes boiling water bath, ml. the dilute phosphomolybdic 
reagent are added immediately. After minute the contents the tube are 
mixed and read photoelectric colorimeter, using red Clin. Pa- 
253 (1955). (E. V.) 


The determination calcium biologic material. Horner (Army 
Medical Service Graduate School, Walter Reed Army Medical Center, Washing- 
ton, C.). 


simple, rapid, accurate photometric titration method for the determination 
calcium serum, urine, and ashed specimens described, using di- 
sodium dihydrogen ethylenediamine (EDTA). The principle 
ternally blanking” the photometric titration employed eliminate the titra- 
tion blank. detailed diagram automatic titrating assembly employing 
intermittent air agitation means mixing also included the 
Clin. Med. 45, 951 (1955). (G. D.) 
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efficient clinical method for determining the CO, content serum. 


Kahn (University Chicago, Chicago, 


Using Coleman meter adapted for measuring under anaerobic condi- 
tions with accuracy +0.01 units, the content serum can de- 
termined simply and rapidly. The ml. serum measured before and 
after the sample has been equilibrated with gas mixture known CO, content. 
From the change the content can calculated read from nomo- 
gram. The electrode chamber shou!d held constant temperature 37°. 
The gas mixture for equilibrating contains and 94-95 the exact 
composition determined using Haldane Van Slyke manometric apparatus. 
The CO, values obtained this method compare favorably with those ob- 
tained the Van Slyke manometric Lab. Clin. Med. 46, 312 
(1955). (G. D.) 


Manual workshop clinical hemoglobinometry American Society 
Clinical Pathologists (Condensed Version). Sunderman, 


Technics are given detail for the gravimetric calibration 20-cu. mm. pipets, 
the determination iron content blood, oxyhemoglobin measurements, and 
the identification hemoglobin Clin. Pathol. 25, 695 
(1955). (E. V.) 


Copper sulfate reagent cerebrospinal fluid analysis. Chenar 
(Austin State Hospital, Austin, Texas). 


Copper sulfate reagent provides globulin reaction the cerebrospinal fluid 
sensitive enough regarded approximate quantitative test. The reagent 
half milliter this reagent pipetted into small test tubes, and 0.25 ml. 
the spinal fluid added the first tube, 0.5 ml. the second, and 0.75 ml. 
the third. When pathologic alteration present, opalescence seen the 
third tube. cases pathologic change associated with increased globulin, 
opalescence precipitation takes place the second and first tubes, depending 
the amount globulin, particularly gamma globulin, the spinal fluid. The 
reaction was positive several cases where other tests for globulin did not 
give definite Repts. Biol. Med. 12, 453 (1954). (E. V.) 


study methods for the prediction plasma volume. Inkley, 
Brooks, and Krieger (University Cleveland and Western Reserve Univer- 
sity School Medicine, Cleveland, 


The results this study confirm reports previous authors that the Evans blue 
dye (T-1824) and the albumin procedures for measuring plasma vol- 
ume give comparable results. The radioisotope procedure preferred because 
the ease handling for injection and blood determination scintillation 
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counting. also can used repeatedly the same patient without the com- 
plications inherent the repeated injections Evans blue dye. 

attempt relate plasma volume directly surface area, height, weight 
simple ratio mathematically incorrect unless the line regression con- 
structed from this relationship passes through the origin. The data presented 
here and that others show linear relationship which passes above the origin, 
indicating different ratios for different body builds. The smallest standard devia- 
tion from the line regression occurred when plasma volume was plotted 
against weight surface area. The slope for the line regression for Evans blue 
dye related surface area was: plasma volume 1770 ml. surface area 
460 ml. For body weight, the slope was: plasma volume 668 ml. 
ml. weight Lab. Clin. Med. 45, 841 (1955). (G. D.) 


method for the determination glutamine cerebrospinal fluid 
and the results hepatic coma. Whitehead and Whittaker 
(Warwick Hospital, England). 


ml. spinal fluid ml. test tube added 0.2 ml. 10% The 
tube placed boiling water bath for exactly minutes. After cooling cold 
water, 0.3 ml. 10% NaOH added, followed ml. water, 0.5 ml. 
gum ghatti solution and ml. Nessler’s reagent. The color read immedi- 
ately, using blue-green filter. standard solution glutamine similarly 
treated. Urea concentrations 400 mg./100 ml. partially hy- 
drolyzed under these conditions, and therefore the urea concentration the 
spinal fluid also determined and correction made. Urea concentration 
100 
tent was also investigated using the one-dimensional, circular paper chromato- 
graphic technic Giri and Rao [Nature, London 169, 923 

The normal range glutamine spinal fluid was found mg./100 
ml. patients with cirrhosis the liver, the range was 16-31 mg., and 
cases hepatic coma thé values were from mg. control series 
patients coma other than hepatic, the glutamine level was not elevated, with 
the exception the fluid from patient suffering from hemophilus meningitis. 

The authors suggest that this simple and rapid procedure for the determina- 
tion glutamine useful the differential diagnosis hepatic Clin. 
Pathol. (1955). (E. V.) 


milligrams/100 ml. milligrams “glutamine.” The glutamine con- 


Direct determination uric acid using uricase. Feichtmeir and 
Wren (Veterans Administration Hospital and University California School 
Medicine, San Francisco, Calif.). 


method described for the determination uric acid and urine 
uricase procedure which reported obviate many the technical diffi- 
culties previous methods. each tubes are added 0.5 ml. serum, 0.5 ml. 
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24M glycine buffer and 4.0 ml. water. one the tubes (unknown) 
added 1.0 ml. uricase. The other tube serves blank. Both tubes are incu- 
bated hours 45°. Four milliliters 10% trichloroacetic acid and ml. 
uricase that has stood for minutes are added the blank tube and the con- 
tents are mixed inversion. After standing for minutes, both tubes are 
centrifuged 3000 rpm for minutes. The supernatants are transferred 
clean tubes and recentrifuged obtain crystal-clear solutions. The cuvet con- 
taining the unknown set zero optical density and the optical density the 
blank tube read Beckman Model spectrophotometer 293 This 
reading gives the decrease optical density caused the action uricase. 
Standard solutions uric acid are prepared and run the same way. The de- 
crease optical density the unknown divided the decrease optical 
density the standard, times the concentration the standard, gives the con- 
centration the unknown. 

The following reagents are required: 

Uric acid stock standard: 0.2 Gm. recrystallized uric acid and 0.15 
lithium carbonate dissolved ml. distilled water warmed 60°. Shake until 
dissolved. Dilute 200 with water. Add few drops chloroform pre- 
servative. Stable weeks 4°. Concentration, mg./ml. 

2/3M glycine buffer, 9.35: Gm. glycine; 400 ml. distilled water; 220 
ml. NaOH. Adjust pH. Dilute and preserve with few drops 
chloroform. 

10% trichloroacetic acid. 

0.5 mg./ml. Worthington uricase (Worthington Biochemical Sales Co., 
Freehold, J.) M/15 glycine Clin. Pathol. 25, 833 (1955). 

(H. T.) 


The gastric secretory response histalog: One-hour basal and histalog 
secretion normal persons and patients with duodenal ulcer and 
gastric ulcer. Kirsner and Ford (University Chicago, Chicago, 


Histalog (Eli Lilly Co., Indianapolis, Ind.) (3-beta aminoethylpyrazole), ana- 
log histamine, stimulates gastric secretion with less tendency side effects 
than histamine. Histalog administered subcutaneously doses 0.5 mg./Kg. 
body weight. Outputs HCl are larger than after Lab. Clin. 
Med. 46, 307 (1955). (G. D.) 
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Use BIOSTAN primary standard check the accuracy the technician 
and the analytical method employed. READY USE! 


BIOSTAN new, specially prepared and standard- 
ized bovine blood serum ultrafiltrate. intended 
for use the clinical laboratory primary 
standard check the accuracy the technician 
and the analytical method employed. More than ten 
the more common constituents the blood and 
other biological tissues have been standardized 
analytical program organized Saifer, biochemist 
the Jewish Chronic Diseases Hospital Brooklyn, 
with the assistance sixteen additional supporting 
laboratories, The details that study may found 
consulting the original 


METHOD PREPARATION 


Nearly 200 gallons freshly drawn bevine whole 
blood was defibrinated and then centrifuged free 
the formed elements contained The 
serum was next protected from organisms the 
addition 0.02% and 0.18% weight propyl 
and esters, respectively, p-hydroxy benzoic 
acid, 

Then the serum was passed through production 
unit the International Biochemical molecular filter 
(2). The filter removed quantitatively all the 
serum proteins and cholesterol but passed all other 
constituents whose molecular weight was 2000 
less. The filtrate obtained was pooled, its adjusted 
7.3 with carbon dioxide gas and then the whole 
batch was sterilized filtration. was next vialed 
aseptically, 

all stages precautions were taken insure that 
the composition all the vials were identical. 


STANDARDIZATION 


For the analytical standardization program the first 
vial and every 97th vial thereafter were withdrawn 
from the coded that the referee analyst 
would know its position the production 
These samples! the seventeen laboratories 
participating the The analyses 

carefully scrutinized see that 


the The standardized values 


are given with each vial). 


LABORATORY APPARATUS REAGENTS AND CHEMICALS 


Determinations amino acid nitrogen, non-protein 
nitrogen, citric acid, magnesium, individual amino 
acids, etc., were reported. Too few these were 
obtained justify reporting standardized value 
this time. 


INSTRUCTIONS FOR USE 
use. 
Store vial refrigerator when not use. 
not contaminated Biostan will keep long time 
under proper refrigeration. 


Withdraw all aliquots with dry and sterile 
syringe and needle. not return any excess 


Except for calcium, sugar and uric acid where 
double quantities should taken, the BIOSTAN 
should treated exactly were blood 
serum sample. 


Because the method used preparing BIOSTAN, 
all the low molecular weight constituents found 
blood serum will present and for the most 
part with concentration identical that the 
blood. Since the lot manufactured large one the 
clinical chemist can use reference standard 
for new analytical procedures with confidence that 
successive vials this lot will identical. Thus even 
constituent concentration not known, new 
methods analysis are developed, the individual la- 
boratory can standardize BIOSTAN for that parti- 


cular constituent. 
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